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PREFACE. 



Xa every commercial state, any Trork that has for its object th« 
improremMit of the art of Navigation, will always be lavourably 
received! and ihonld it not, in all respects, answer the public 
expectation, the authi^ nny still have some claim to indulgence from 
his good intentions, and having exercised his best abilities for the 
good of lus country. With this view, the author of the following 
Treatise has bestowed much time and labour to render it as complete, 
and as generally useful, as posuble ; and, though he has not the vanity 
to imagine it to be by any means a perfect work, he has yet been 
flattered, that it maybe of service to Navigation, and, therefore, nor 
altogether unworthy of the attention of the public. He ventures, 
therefore, to submit it, with much diffidence, to their judgement j and if 
it shall be fomid anyways deservingofsucha character, he will esteem 
their ^>prDbation his highest and best reward. Should this be the 
case, he may be encouraged, at a future period, to ofier some opinions 
on the mechanical construaion of ships, an ancient art, but perhaps 
less improved by long experience than any which we new cultivate 
with so much success. 

It is well known, that, although the course and distance between 
any two places, whose latitude and longitude are accurately settled, 
may be ascertained with the greatest precision, yet a ship at sea is so 
liable to be put out of the proper course, by storms, contrary winds, ' 
currents, &c. that, after all reasonable allowance is made for the 
errors arising from these causes, the place of the ship by account is 
Tery seldom found to agree with its real place, or that deduced 
from obKrvation^ the difference frequently amounting to several 

degrees. 
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YiH PREFACE. 

degrees. It is, therefore, obvious, that the ship may be exposed toth* 
greatest hazard-when the seamen think themselves most secure j and 
irom this it appears that there is an absolute necessity of taking 
observations, whenever an opportunity oficrs, for obtaimngi witb 
accuracy, the true [dace of the ship. 

At sea, the latitude of a ship is easily deduced either frxaa the 
meridian altitude of the Sun, or from that of a star or planet, or firom 
double) treble, &c. altitudes of anyof these objects; but with regard 
to the longitude, a more difficult operation becomes necessary. 
At land, indeed, the longitude of any place maybe found with very 
little trouble by several methods, particularly by the eclipses of 
Jupiter's satellites ; and the longitude at sea might be found by this 
method with the same feciiity, provided a telescope possessed of a 
sufficient magnifying power could be employed for that purpose. But 
this is found to be extremely difficult, by reason of the perpetual 
agitation of the sea. However, attempts to render a telesci^te 
manageable at sea have been made by Dr. Irwin and others, and an 
instrument for thb purpose is described in Rutledge*} " Tbeorie 
Astronomque *." But a telescope, with a small ma^ifying power, 
may be used at sea in moderate weather ; and, since, even with such 
an instrument, solar eclipses and occultations may often be observed 
with tolerable accuracy, and consequently the longitude may be 
ascertained from such observations, the opportunities of making 
them ought never to be neglected when the ship is either out of 
sight of land, or near an unlmown coast. The calculations, indeed^ 
which necessarily attend these methods, seem to be considered as too 
laborious and difficult for the generality of seamen J and, therefore, 
the method by observing the distance between the Moon and 
the Sun, or a fixed star, is now commonly preferred, both on 
account of its superior facility, and because it can be practised at sea 
almost as often as necessary. Yet, as even this method is attended with 
a c^culation that is, by many navigators, thought troublesome, various 
ways have been proposed, to shorten, as much as possible, the 

• This ni«lhcd 1i meotioned in the CtimoUU it Jtjun Buivn, printed at Puii is 

1I07. 

Operation* 
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PREFACE. « 

opnations for reducing the apparent to the true distance ; and it is 
now accordingly reduced to a tolerably simple computation. By this 
method the longitude may, in most cases, be determined within half 
a degree, which at sea is esteemed no very great error ; and if the cal- 
culations are accurately performed, from the mean of several sets of 
good observations, taken at short intervals of time, the error will, 
probably, be greatly diminished. 

If a chronometer, or time-keeper, could be ctmstrurted, so as to go 
uniformly when placed in every different position, and under difi*ereDt 
degrees of heat, then would this method of finding the longitude at 
sea be a most valuable acquiutioa to the navigator. Indeed some 
of our ingenious countrymen have brought this art to a degree of 
perfection formerly unknown ; and every person acquainted with the 
principles of watch-making must highly admire the accuracy of Harri- 
son's time-keeper. Those made by Messrs. Arnold, Kendal, Eamshaw, 
4&C. are also excellent ; but it is to be hoped, that instruments of thii 
kind may be still farther improved, and may be afforded much cheaper 
*h3n at present : for the high price alohe is a very great objection to 
them, and very much prevents their being more generally used, It is . 
well known, that every chronometer hitherto contrived is subject to 
isregularities ; the smallest shock is found to affect them, and the 
late of going is found to be altered by changes in the atmosphere, 
even though provided with thermometer pieces. Upon tins and 
other accounts, therefore, their accuracy is very much to be suspenedf 
so that at present they are chiefly used for experiment*, ot to connect 
observations, for which purpose they certainly m;^ a valuable 
appendage to a set of nautical instruments. 

The following work, which ctmtuns the method of finding the 
longitude already mentioned, and also those from which any advantage 
can be derived for the solution of this important problem, is divided 
into two volumes ; and the first volume is divided into six books. 

The first book contains the g«ieral principles necessary for a proper 
knowledge of the subject.. 

Book tecosd contains the description, rectification, and use of 

' the Quadrant, Sextant, and Circular Instrument, in their present 

impEOved 5Ute i also, an account of the correctinu to be applied to 

b the 
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the observed altitude of any celestia) ol:^ect, io order to reduce it to 
the true altitude. 

In book third is contained a complete system of lunar obserrations^ 
with an introductory account of this method of finding the longitude 
at sea. It also contains a new method of finding the longitude and 
latitude of a ship at sea, together with the apparent time, from the 
same set of observations ; for which the author had the honour of 
receiving the thanks of the Boards of Longitude of England and 
of France. 

Book fourth contains various methods of finding the Longitude of * 
place i some of which> though scarcely practicable at sea, are yet, 
perhaps, the very best that can be used for determining the longitude of 
any place at land. These ars, by the Moon's transit over the meridian, 
by the meridian altitude of the Moofi, and by the observed altitude of 
the Moon when not on the meridian; by lunar eclipses, solar eclipses^ 
occultatimu of fixed stars by the Moon, eclipses of the satellites of 
Jupiter> by a chronometer, and by the Variation Chart. 

Every treatise must be considered as defective, wherein rules are 
jnveB without demonstrations : and this is particularly the case with 
fnost books on the subject of navigation, probably because sea-£iring 
people in general arevery indifferent as to the rationale of any . 
rule given for makingan observation, provided it holds good in practice. 
On the other hand, it not unfrequently happens, that to the persons not 
Tny fond of mathematical investigations, the rule and demonstration 
following each other in regular order, may be disagreeable. For these 
reasons^ and to gratify the scientific seaman in the present highly' 
improved state of nautical knowledge, the demonstrations of the rules 
and formjiltB are separately inserted at the end of the work, in the 
fifth book. And, in order to render this work still more generally 
useful, there is ferther added to what was originally proposed, book 
■ixth, containing various methods of finding a ship's latitude, and the 
TartatioD of the compass. 

Volume second contains the Ubles, together with the necessary 
explanations of them. 
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This wwk, therefore, it is hoped, will be found to comprehend 
a ccJlection of the best methods of making and reducing all sons of 
ob8«rvations necessary to be made at sea, for ascertaining a ship's 
pbce i or for reducing the true course between any two places to 
the course per compass ; or for correcting the course steered- The 
author, however, flatters himself, that it will not be considered merely 
as a compilation from the works of others, but that the intelligent 
reader will discover, in various parts of it, some things that are at least 
new and of his own invention, howevo* little other merit they may be 
thought to possess; and in every part ofit, a suitably plainness and per. 
spicuity of style, and a warm zeal for the JmiMX)vement of one of the 
noblest and most useful of human arts. In a word, he has exerted his 
best endeavours to render bis work worthy the notice of the navi- 
gator and astronomer, as well as, in some respects, of the praaicai 
geographer and surveyor. 

The favourable reception of the first edition of this work, has 
induced the author to revise the whole ; in doing which he has made 
many additions to it, which he flatters himself will be found usefiii. 
The size of the page has been also enlarged. In order toprevent that ir- 
regularity, or confusion, which would otherwise happen tn the arrange- 
ment of the calculations, when the page had been too much contracted. 
And, with a view to render the computations more easy, and to make 
the work complete, some of the tables in the second volume of the 
£rst edition have been altered and extended, and new tables added ; 
which has been a work of considerable labour. 

To, this third edition, still further improvements and additions have 
been made, as will be evidoit by comparing it with the formereditions, 
throughout the whole of the i^ork. In the second volume, the Table 
ofit^tunK Ver^' Sitiks is extgided tt^ an aich of 1 80°, with a view 
to £iciiitate the operation of reducing the apparent distance to the- 
true distance, by Method Fifst, page 150: and also for the purpose of 
employing various other methods of efiecting the same thing} see 
page 157, Ecc. A table of Logarithmic Tangents, to eveiy ten 
•cconds, with the prop<»-ttonal parts to each setond, smilar to that of 
the Logarithmic Sines, is also added. The various other additions, al- 
terations, and corrections, will be obvious ; and noexpense whatever 
has been spared, with respect to print, paperi Sec it) ^<;r to render 
h worthy (df the atteqtion of the public 
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The author is extremely sorry to have occasion to observe, that 
some late authors, or he may rather say, pretended authors, have 
copied lai^Iy from the former editions of this work, without men- 
tioning from whence they obtained their information. Many of the 
tables they have copied ; and, strange to tell ! have asserted they were 
either constructed or altered to the present form by themselves*: many 
other of the tables they have altered, and to which they have given new- 
titles, with a view to disgmsc them as much as possible. They have 
copied several of the various methods, rules, &c. by which they 
have entailed npon themsehres the most opprobrious of epithets, 
namely, that of plagiarists. This, however, is not the case with 
foreigners, particularly the French, Dutch, Americans, &c. who have 
candidly acknowledged from whence they derived their information. 

The author cannot conclude without mentiMiing, that many 
favours have been conferred upon him by his worthy and valuable 
fiiend, Mr. Baron Maseres: to whom the public is, in a great 
measure, indebted.for the present edition of this work. His superior 
knowledge raises him high in the literary and scientiHc world ; and 
be has, without the least degree of ostentation, an ardent desire to 
■ promote true knowledge, and also the happiness of those who are 
similarly inclined- 

The Author most respectfully mjarms the Public, iJiat hh signtt- 
iure, at below, it placed to every copy of this work, and wMck can 
only be hoi by upplieat'wa to himself, or by his appointment. 

Geoi^e Street, Trinity Square, 
January 16. IB09. 

• Foi the truth of this, the radei is rtqaested to compire k Collection ot 
e«IT«bles, piintcd In tendon in isoa, Mnil »n Epitome of Ni»igaiion,wwbkh these 
'nbies make « piit, printed in iBO»)Vitlitlic second volume of the tutbQt**Ti«uisean 
Uie Loni^de, printed in K0I. 
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EXPLANATION OF CHARACTERS. 



The planetary dtttacters, we page 28, are also med to represent 

the days of the week. 
ThuSf denotes Sundayj ]>, — Monday, (^,— Tuesday, 

H Wednesday, "^li-Thursitay, $,— Jriday. 

^ • Saturday, 
For the characters of the zodiacal constellations, see page 1 1 . 

AIm, S2'^l^^^'=^*^^''E"o<^of^Pl3"^i^"'^ ?3 the descending node; 
A. M. (ante neridumj put after any hour, signifies that the time is 
between midnight and noon ; and P. M. (/xu/ meruiiem) that the 
given time u between noon and midnight. 

Aspects ofllie Plinbts 

The aspect of a planet is its situation with respect to the Sun or to 
another planet. There are usually reckoned five aspects, viz. 
(5 denotes Conjunction, or planets having the same longitude. 
^Jc — SextUe, the difference of longitude of the planets being 

3 signs, or 60°. 
Q ■ Quartile> the difference of longitude of the planets 

being 3 signs, or 90°. 
y\ ' ^ Trine, thedifference oflongitude being 4 signsjOr 120'. 
S ' Opposition, or planets situated in opposite longitudes, 

or differing 6 signi from each other. 

Algebraic ChXractbes. 

■' Each of these characters, except the radical, is supposed to beplaced 
between two quantities, to indicate whether the sum, differmce. Sec, 
of these quantities is to be taken. 

The sign +, (plus) signifies, that the second quantity is to be_ added 
to the first. 
— , {minus) . the second quantity is to be subtracted 

irom the first. 
t<i ' the two quantities are to be multiplied. 

-T", - - the first to be divided by the second. 
V • the diff. of the two quantities is to be 

taken. 
C"» w i - the first is greater than the second. 
•^, or i - the first is less than the second. 
It may be observed, that the less quantity is placed at the open 
- part of the character, and the greater at the close part. 

«/-•■- the square root of the quant, within it. 

When 
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BZPLINITION OF CHARACTSKS. 



Wheti the suin or difTerence of two quantities is to be multiplied hy 
a third i th^ these quantities, connected with their proper sign, are- 
placed either witlun a parenthesis, or have a line^ called a Vtnmlum, 
drawn above them, liias, if the sum of a a nd ^ is to be multiplied 
^ Xf the product will be ((i+^)Xx^ or o+£X#. 
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BOOK I. 



CDNTAINIMGf 



Tke VrindpUt of the AJirommcal Methods »f Jiading tht 
Longitude at Sea or Land. 



CHAP. 1. 

Q/'/A« Figure and Macnitdds of /Ae EAkTH. 

imtsodoction. 

Without a previous knowledge of the figure and magnitude 
•f the Earth, the places of the heavenly bodies could not be ac* 
curately settled, from observations made on hs surface; and ther»' 
fore, computations made from observations of these bodies, could noC 
bedepended on for ascertaining the position of places on the Earth ; 
hence, the necessity of knowing both the Figure and magnitude of the 
Earth is apparently obvious. 

Of tke Figure of the Earth. 

The opinions of the indents concerning the figure of the Earth 
were various. It was supposed by many to be a plane indefinitely ex- 
tended; some imagined it to be of a cylindric fonn, and x few 9uppo»* 
ed it spherical; but the di*covery of its real figure was left to the illu»' 

TOL. I. s uioM 
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ttioas ^ Inac Newton. The following are a few of the argmttents 
commonly used to prove, that the iigure of the Earth is either spherical, 
or nearly so. 

L- 

The Earth has been circumnavigated by many persons, at different 
periods. The first who attempted this circumnavigation was Ferdinand 
Magellan, a Portuguese. He sailed from Seville, in Spain, August 
10, 1519, in the ship called the Victor}-, accompanied by four other 
vessels. In April 1521, Magellan was killed, at the Island of Se^u or 
Zelfu,* one of the Philippines, in a skirmish with the natives; and oAe 
of hisvessels arrived at St. Lucar, nearSeville,Sept. 7, 1522. The 
next who circumnavigated the Earth was Sir Francis Drake. He sail- 
ed from Plymouth, December 13, 1577, with five vessek,f and arriv- 
ed at the same place, Sept. 26, 1580. Since that time, the circum- 
navigation of the Earth has been performed by Sir Thomas Cavendish, 
Messrs. Cordes, Noort, Scharten, Heremites, Dampier, Woodes, 
Rogers, Schovten, Roggewein, Lord Anson, Byron, Carteret, Wallis, 
Bougainville, Cook, Kmg, Clerk, Vancouver, and many others. These 
navigators, by sailing in a westerly direction, allowance being made 
for promontones, &c. arrived at the country they sailed from. Hence, 
the Earth must be either of a cylindric, or globular figure; but it cannot 
be in the form of a cylinder, because then the difierenceof longitude 
and meridian di«tance between any two places would be equal, which 
is contrary to observation; the figure of the Earth is, therefore, sphe- 
rical. 

The upper parts only of distant ships are visible, when viewed wiiti 
a telescope, the lower parts being hid by the interposed water, and 
more or Itss become visible, according to the distance. In making 
the land, t A most elevated parts are first seen, and the lower parts be- 
come visible as the land is approached. The sun is observed sooner at 
rising, and later at setting, by a person at the masi-head nf a ship, than 
by one on deck. These phenomena evidently arise from the spherical 
figureof the Earth; and, therefore, serve to prove the Earth to be of 
that figure. 

III. 

The continual appearance of the sun above the horizon, during the 
space of several months, in the ui^ighbourhood of one pole, while at a 
place equally distant fi:om the other pole, the sun is as long absent, is 
another proof that the Earth is spherical. 



; the Dthcis were eo, i 
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IV. 

LEMMATA. 

1st, The distance of the nearest fixed star, when compared withthe 
magnitude of the Earthy is so immense, that rays flowing therefrom, to 
any two points on the surface of the Earth, are physically parallel 

2d, If in a curve, the arches are proportional to the correspondent 
ancles, that curve is a circle. 

Now, if the Earth was an extended plane, the meridian zenith dis- 
tance of any given fixed star would be the same in all places of the Earth, 
by lemma 1st; but it is found to be variable, and msuch a nunner, 
that the difibrence of the meridian altitudes of the samc^ar tdpA^jor-' 
tional to the intercejited arch of a meridian ; henre, by lemma 2d, . 
that meridian is circular: and since this is found ^o be the casein every 
part of the Earth, its figure is> therefore, sphencal^ , 

V. 

LEMMA. 

If the shadow of any body, when turned in every position with re- 
spect to the luminous body, be circular, when projected on a plane 
perpendicular to the line joining the centres of both, the body itsielf is 
a sphere. 

Now, since a lunar eclipse arises from the passage of the moon 
through the shadow of the Earth; and as that portion of the Earth's 
shadow, which is projeAed on the lunar disk, is observed to be always 
circular, in every difierent positipn of the Earth — the figure of the 
Earth must, therefore, be that of a sphere. 

VI. 

If a lunar eclipse be observed at two places, difiTerins in longitudej 
the time of the beginning, or end, will be observed to be later at th« 
eastern than at the western place; and the difference c^ tin* will be 
found to be propotional to the difference of longitude. And if the 
eclipse be observed at two places in the same parallel of latitude, and 
also at two other places, under the same meridian as the fonner, but 
in a different parallel of latitude; then, although the same interval of 
time will be observed in each of the parallels, yet the meridian 
distances between the places will be different; and, upon calcalation, 
will be found to answer to a spherical figure, or nearly so. From 
observations of this kind the magnitude of the earth might also be 
determined. 

VII. 

The planets hitherto discovered are observed to be globular; but the 
Earth is also a planet, subject to the same laws, andrevolving round 
the sun in the same manner as the other planets; therefore, by ana- 
logy, the Earth is globular. 

Although it appears from the preceding [»oofe, that the Earth b ol 

a spherical figure, yet it is not a perfect sphere, but an Oblate 

B S Sph&- 
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Sphekoid,* which is a solid generated by the rotation of a lerai-eHipM 
about its diortest axis. The circumstance !hat gave rise to the Icnoir- 
leJge of its spheroidal figure is briefly as fotloivs : Soon after the esta- 
blis uaent of the Royal Academy of Sciences of Paris, in IRSfi,! it .was 
suggested, that, granting the rotation of the Earth, a weight ought to 
descend with less force at the equator than at the poles; or that a 
pendulum vibrating seconds in France, ought to be shortened, in order 
to vibrate seconds at or near the equator. To settle this point, there- 
fore, along *ilhothers, the Academy ofSciences sent Mr. Richer to 
the island of C:'venne,J in Soutd America. Richer accordingly left 
Paris in Oflober 1K71, and the following year he found chat his pen- 
dulum, which vibrated seconds in Paris, lost two minutes twenty-eight se- 
conds daily at Cayenne; and therefore, in order that the pendulum should 
keep timeat that place,it oughtto be shortened IJ lines. [! This difference, 
however, being greater tiian what should have arisen from the excess of 
the centrifugal &rce$ at Cayenne above that at Paris, excited the curio- 
sity of Newton aad Huygens, who, enquiring minutely into the cause 
of this phenomenon, shewed that it resulted from the rotation of the 
Earth combined with its spheroidal figure, and Newton, supposing the 
Earth to assume the same figure that a homogeneous fluid would take 
under like circumstances, computed the ratio of the equatoreal diameter 
tothe axis of the earth to be as 230: 229.11 

This hypothesis was objefled to by M. Cassini, who affirmed) 
the figure of the Earth was that of an oblong spheroid} and the con- 
test was carried on with much ingenuity by their followers. To settle 
this dispute, however, by afhial experiment, the French King ordered 
thelengthof adegree to be measured at the equator, and at the polar 
circle ; so that, by comparing the length of one of these degrees with 
that measured in France, it would be biown whether the figure of the 
Earth was that of an ollate or oblong spheroid. 

For this purpose, tlierefore, two companies of mathematicians were 
appcnnted ; the one company to measure the length of a degree at Peru, 
in South America, and the otlier in Swedish Lapland. The company 
for South America, consisting of Messrs. Bduguer, de la Condamine, 
and Godin, sailed from Rothelle, in France, May, 16, 1735; and 
were joined at Canhagena by Don J. Juan, and Don Antonio de 
Uiloa, and their operations were not finiihed until 1744. The com- 
pany for the north, consisting of Messrs. dg Maupertuis, Clairault, 
Camus, Le Monnier, and Outhier, left Paris, April 20, 1736; and 
werejoined by M. Celsus, Proffssor of Astronomy at Upsal. Their 
measures being completed, they returned to Paris, August 19, 1737. ' 

• From obsrivai'oni made in differeni iijhsdI the Earlh,- il -wouU «ppeir, that lis 
Sgaic\s not lbalo(aiC£ula[.'|>)''.ro'd 

t The first meeting bftheSociriy was Decembtr M. Ififlfl. 

J Lslilmle of Cayenne.*" SO' N." longiude, 1-i' nC W. 

I Aline b a twefth pait ofa Titncn inch. 

\ Ctnirifugal foice, \a Ihai foico by whicii any body moving in t eurw, endeavours ta 
fly of in u ungeul to Ihat cane — ami ctnitipewl force i(, Ihtt by which kny revolving 
body 19 impeilcd towanlsiome point as accnicr. 

^ Ncwion'iPriDcipia, Hoc^iii. 1*10;. xii, fiQb.iii. 

The 
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The lengths of a degree, as deduced from the mensurations of each of 
these companies, being compared with themselves, and also with that 
formerly obtained from mensurations taken in France, confirmed New- 
ton's theory. For, by comparing the length of a degree at the polsu* 
circle with that measured in France, the Earth will be found to be 
more flattened at the poles than as assigned by Newton -, but, accord- 
ing to Newton's theory, the Earth is flatter at the poles than that de- 
duced from a comparison of the lengths of a degree at the equator, and 
in France — whereas, by comparing the first and last of these measures, 
the figure of the Earth deduced therefrom will nearly agree with that 
assigned by Newton." 

Various opinions have been formed with respect to the internal 
(trufhire of the Earth. According to some, the Earth was supposed to 
consist of a shell or crust, the interior part being either a cavity, or 
filled with water. And Dr. Halley, in order to explain the phenomena 
of the magnetic needle, supposed an internal nuclcus.f Reason, how- 
ever, was against these hypotheses, and experiment has confiited 
them. For according to Dr. Hutton's very elaborate calculations4: 
made from the mensurations taken at the hill of ScbehaUien, in Perth- 
shire, in the years 1774, 1775 and 1776, by the dire^on, and partly 
und^ the inspe^Hon, of Dr. Maskelyne, Astronomer Royal, the den- 
sity of the Earth is to that of the hill as 9 to 5 nearly; and the density 
of the matter in the hill being supposed to be to that of rain water as 
2^ to 1:|| hence, these two ratios being compounded, there results the 
ratio of 4^ to 1, for the ratio o( the densities of the Earth and rain water, 
" Sir Isaac Newton," says Dr. Hutton, " thought 'it probable, that 
the mean density of the ^rth might be five or six times as great as the 
detisity of watery and we have now found, by experiment, that it is 
very little less than what he thought it to be. So much justness was 
even in the surmises of this wonderful man I Since then, the mean 
density of the whole Earth is about double that of the general matter 
near the surface, and within our reach, it follows, that there must 
be somewhere wtiliin the Earth, toward the more ceniral parti, 
great quantities of metals, or such like dense matter, to counter- 



v 3sa loim, and ihat it iht 

:ure m»v be d. rctuiinfrt b» 
inim.d.ac. hvM ileMau- 
pcnuis, pgt laJ.— M. ric ta Landc\ A<tJunomie, torn ill j'. is. - F.mmori'< 'Jrosraphj, 
p. JS— Jones' Sciluiion in Ganliier's Log, Tdblei —Leihcriaml'i Solution in UolierlH>n'« 
Navijaiicn, vol, ii. p. lOi. — Martin's New I'liacipln, &c. 

tMiKcUinea Cuiiosa, vol. 1. paf;e 4B. 

i Philotophical Tisn<iactk>n<, vol. liviii. 

II Doctot Hudoo, in a letter dated Woolwich, July Slh, iSOO, ay^. " The density 
of ihu hiil not being got, we weie forced lo make use of an arhi.rary ,>,- axitmert iii.ni- 
berfbril, viz. rhe giaviiy of common stone (l^) ; which we hate leiMiii u> bi'litv. i* 
much below that ot the hill inqueilioa— and [hatconiequenil]', oufconclusionihence 
deduced is much below the iioth." 
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balance the lighter materials, and produce such a -considerable mean 
density. If we suppose, for instance, the densinjrpf rnetal to Me 10, 
which is about a mean among the various, l^nds of it, tTfe density of 
water being 1, it would require sixteen .parts out of twenty-seven,* 
or a little more than one-half of the matter in the whole Earth," to 
be metal of this density, in order to compose a mass of such mean ' 
density as we have found the Earth to possess by our experiment — 
or -j^,, or between j and ^ of the whole magnitude, will be metal i 
and consequently y°- or nearly J of the diameter of the Earth, is the 
central or metalline part." 

Of the Magnitude ofllie Earth. 
The determination of the magnitude of the Earth seems to have en- 
gaged the attention, both of the ancient and modem astronomers and 
mathematicians. The most celebrated of the ancients, who attempted 
to ascertain the magnitude of the Earth by aftual mensuration, were 
Anaximander, Cleomedes, Eratosthenes, Posidonius, Ptolemy, and AI- 
mamon. King of Arabia. Although the conclunons of th« ancients 
differ very considerably from each other, yet the measures taken 
within the last 1 40 years, near the same place, agree very well. 

The only person in England, who performed this problem with any 
tolerabledegreeof accuracy, was Mr. Richard Norwood, ofwhiob an . 
accotmt is given in his Seaman's PraSice — the substance of which t& 
as follows : — In the year 1633, he observed the apparent meridian al- 
titude of the sun, at the time of the summer solstice near the Towm- 
of London; and June 11, o. s, 1635, he observed the sun's apparent 
meridian altitude, near the middle of the city of York; from whence 
he found the difference of latitude between those places to be 2° 28'. 
Now, this being compared with the difference between the parallels of 
latitude of these places, deduced from aftual mensuration, which was 
9149 chains of 99 feet each, he found that one degree contained 
S67196,orin round numbers367200English feet. But as Nor<»ji£ftJ ^ 
paced some of his distances,* and did not observe the' vtwicil an^^j or 
those of ascent and destent, with a degree of accuracy which is neces- 
sary in so important a problem,! the above measure of a degree is, 
therefore, only an apjjroximatiou to the truth. 

In order to obtain a more accurate determination of the magnitude 
-of the Earth, raensuf ations have been taken at different times by several 

•'' Nowioiiehinslhceupciimrnl,! conftMe.tlwtto have madeilsoeiiBeLlyas wcie tr- 
<)Uiiite, would have requiicd mucb more lime and expence than mine ability would reach 
unio -. Vet. havint: made observation at York, as afarraaid, 1 nii:^iurcd (far the most pari) 
the way from iheiictlo iondon, and wheie I meajured not, I paced ; (wherein, Ihroogli 
cusiome, 1 usual))' come very neot the Imih) observing all the way as I came, wJtU a 
ciicumfercnior, all the principal angles of positim) Or windinj^ ofthc waji, (with con- 
venient allowance for other lesser windings,, ascents and deacenu) and ihe«e I laid not 
down by a piocraclor after the usual manner, but fiained a tabic much more eiacl and 
fit for this purpose-" — Seaman's Practice, p. 7. 

■(■ " Now touching the angles of ascent and disceni of hills and valleys, to have observed 
them exactly, would have requited more time and charge Ulan I could of myself bestow; 
M't I niaile allowance for tuch of them as wete of most noinenl." — Seaman's Practice, 
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eminent French astronomers and mathematicians, particularly Messrs. 
Picard, Cassini, Maupertuis, de la Caille, Bouguer, &c. Fhe near 
agreement of their measures, taken at the same place, isaproof of the 
accuracy of their operations ; and the comparison of their measures> 
takea at different places, is a confirmation of Newton's theory of the 
spheroidal figure of the Earth. 

The most ■accurate method, and that which is now usually practis- 
ed, to iind the length of a degree ol latitude, or of any portion of the 
meridian) and hence the whole circumfoence of the Earth, is to mea- 
sure, as accurately as possible, a bascj of any, convenient length, as 
about Cine-tenth of the pension of the meridian intended to be measured, 
and towards the middle of that portion ; from this base, a series of tri- 
angles is to be extended, ending at the two extreme stations, from 
which the arch of the meridian intercepted between the parallels of la- 
titude of these stations is to be computed : and the truth of the opera- 
tion is, if possible, to be verified by means of bases measured near the 
end of each series of triangles. At each extreme station, the zenith 
distance of one or more stars is to be observed, and corefted for pre- 
cession, aberration, nutation, &c. ; then, the di&rence between the 
zenith distances of the same star gives the correspondent celestial arch. 
Now, 

As the celestial arch 

Is to one degree. 

So is the interval betweenthe two paralleb deduced&om mensuration. 

To the length of a degree in the same measure. 

In the year 1756, the Royal Academy of Sciences of Paris a[^>oint- 
ed eight astronomers to measure the length of a degree of latitude be- 
tween Paris and Amiens. These gentlemen divided themselves into 
two companies, and each company measured a base separately. The 
result of their mensurations gave 57069 toises for the length of a de- 
gree ; now, since 107 French feet are equal to 1 14 English feet, and 
880 fathoms are contained in an English mile— whence the circum- 
ference of the Earth, expressed in English miles, is equal to 
■ 57069 XlI+X3G0° 57069X57x9 
~ " -107 ST^so — =^077Tf7 =^**"' "'"" ^^' °"^ '*«?"™ 
contains about 69.09 English miles, and a nautical or geographical 
mile contains 6080 feet: And since the proportion of the circumfer- 
ence of a circle to its diameter is as 355 to 1 1 3 nearly,|( therefore the 
diameter of the earth is equal to 7?17i English miles. 

For the purpose of ascertaining the distance run by a ship in any 
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gJTen time, a half minute glass is commonly used, and a line divided 
acordmglyj and since half a minuteis the 120th part of art hour, 
therefore, the interval between two adjacent knots on the line should 
. 6080 ^ 

be=-T^— 50 feet 8 mches } but because it is safest to have the 

reckoning a-head of the ship, 48 feet are, therefore, commonly allow 
ed to a knot. If this interval be divided decimally, or into ten equal 
parts, the computation will be rendered more easy and accurate : It 
mjy be observed, that the glass should run 29i", instead of 30", half 
a second being allowed for the tim« taken in turning the glass. 



CHAP. II. 

Definitioks, Principles, &c. 

X^AT and nigbt arise from the circumrotatton of the Earth. That 
imaginary Une about which the rotation is performed, is called the 
Axis, and its extremities are called Poles. That tow^s the most 
remote parts of Europe is called the North Pole, and its Opposite the 
South Pole. The Earth's Axis being produced wiU point out the Celes- 
tial Poles. 

The Equator is a great circle on the Earth, every point of which is 
equally distant from tne Poles ; it divides the Earth into two equal 
parts, called Heuispheres : that having the North Poles in its centre 
IS called the Northern Hemisphere — and the other, the Southern Hemi- 
sphere. The plane of this circle being prodriced to the fixed stars, will 
, point out the celestial Equator or EQUINOCTIAL. The Equator as well 
as all other great circles of the sphere, is divided into 360 equal parts, 
called degrees ;■ each degree is divided into 60 equal parts, called 
minutes; and the sexagesimal division is continued. 

The Meridian of any ]ilace, is a semi-circle passing through that 
place, and terminating at the Poles of the Equator. The other half of 
this circle is called the opposite Meridian. 

The Latitude of any place, is that porticm of the Meridian of 
that place, which is contained between the Equator and the given 
place i and is either North or South, according as the nven place is in 
the Northern or Southern Hemisphere ; and, thererore, cannot ex- 
ceed W. 

*The ancienti having no inummmu bf which they could make obnerrationi mill 
any tdeiable degree of accuracy. BuppoKd the length of the year, or innuBl molioci of tb« 
earth, to be com plated in aoo dayi ; and hence aroiethciIiTisionof the circitmfertaceof • 
«ircia ioio dM sua* aiUBber of equal pins, which thcr called dtgrta. 

The 
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Th« PiRALML 01 Latitude of anji place, is i circle passing 
throiiirh that place, parallel to the Equator. 

The DiFFRRENcE OF Latitude between any two places, is an 
arch of a meriilian intercepted between the corresponding parallels of 
latitude of those places. Hence, i f the places lie between the Equator 
and the same Pole, their difference of latitude is found by subtracting 
the less latitude from the greater ; but if they are on oppossite sides of 
the Equator, the difference of latitude is equal to the sum of the la- 
titudes of both places. 

The First Meridian is an imaginary semicircle, passing thn^gh 
any remarkable place, and is therefore arbitrary. Thus, the British 
esteem that to be the First Meridian, which passes through the Royal 
Observatory at Greenwich ; and the French reckon for their First Me- 
ridian, that which passes througli the Royal Observatory at Paris. 
Formerly, many French geographers reckoned the meridian of the 
island of Ferro to be their First Meridian j and others, that which wa« 
exactly 20 degrees to the west of the Paris Observatory. 'Hie Ger- 
mans, again, considered the meridian of the Peak of Teneriffe to be the 
First Meridian. By this mode of reckoning, Europe, Asia, and Africj, 
are in east longitude ; and North and South America, in west losgitude. 
At present, the first meridian of any country is generally esteemed 
to be that which passes through the principal Observatory, or chief 
city of that country. 

Phe Longitude of any place is that portion of the Equator which 
13 contained between the first meridian, and the meridian of that place ; 
and is usually reckoned either easf or iteti, according as the given place 
isonjthe east or west side of the first meridian; and, therefore, cannot 
exceed 180°*. 

The DiFEEKCNcp. OF Longitude between any two places is the 
intercepted arch of the Equator between the meridians of those places, 
and cannot exceed I HO". 

In order to illustrate the preceding definitions, let Pp (fig. 1st) re- 
present the axis of the earth, }\Q the equator, and PAp, PBp, the 
meridians of the two places A and B ; then the portion AF, of the 
meridian of the place A, contained between it and the equator, will be 
the latitude of that place ; in like manner, the intercepted arch BG, 
of the meridian l'Bp,win be the latitude of the place B — and the por- 
tion AH or BI, of the meridian passing through either of those places, 
contained between the parallels of latitude KAIL, MHBN,willbethe 
difference of latitude: Hence, it is evident, by inspection of the figure, 
that the difference between the latitudes of any two places is equal to 
the difference, or sum, of their latitudes, according as the given places 

'InordeTtopteranl nnj imbii^itv that might arlHtrram tHrdi¥i<i(Hinf^ihs longitude 
into e»tandw«l, Mimepcnonshave'reckoncil ilfromihc firtl mfridian imroiJi ihc cut, 
iiiiiil ihefintmrridiiinpiiTi. Hence, Sll' of lonsfiude would, by ihc common meiluu 
W reckoninj, b« i1' W. 
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are in the tune, or in contrary hemispherei. Again, let PRp be the 
first meridian — then the arch of the equator RF, contained between 
the first meridian and the meridian of the place A, is the longitude of 
that place; RG is the longitude of the place G,and FG the difference 
of lon^tude of those places : Whence it is apparently obvious, that the 
difference of longitude between any two places, is equal either to the 
difference or sum of the longitudes of those places; according as they 
are on the same, or on contrary sides of the first meridian- 
There are three different Horizons, the apparent, the sensiblEi 
and the true.* The apparent or visible Horizon is the utmost ap- 
parent view of the sea or land. The sensible is a plane passing through 
the eye of an observer, perpendicular to a plumb line hanging freely : 
And the true or rational Horizon is a plane passing through the center 
of the Earth, parallel to the sensible Horizon. 

Altitudes observed at sea, are measured from the visiMe Horizon. 
At land, when an astronomical quadrant is used, or when observations 
are taken with a Hadle/s quadrant by the method of reflection, the 
altitude is measured from the sensible Horizon ; and in either case* 
the altitude musi be reduced to ihe true Horizon. 

The Zenith of any given place is the point immediately above that 
place, and b, theri fore, the e.cvated pole of the Horizon : The Nadir 
' }s the other po!^, or point diametrically opposite. 

A VcRTiCiLis a great circle passing tlu'ouu;h the Zenith and Nadir } 
and, therefore, intersecting the Horizon at right angles. 

The Altitude of any celestial body is that portion of a Vertical, 
which is contained between jis center and the true Horizon. The 
Meridian Aliitude is the distance of the object from the true Horizon, 
when on the Meridian of the place of observation. When the observed 
Altitude is corrected for the depression of the Horizon, and the errors 
arising finm the instrument, it is called the apparent Altitude ; and 
when reduced to the true Horizon, by applying the parallax in Al- 
titude, it is called the tTtie Altitude. Aititudes are expressed in dei 
grecs, and parts of a degree. 

The Zenith Distance of any object is its distance from the 
Zenith, or the complement of its Altitude. 

The Declination of any objeft is that portion of its meridian, 
which is contained between the equino^al and the center of the ob- 
ject ( and ii either north or south, according as the objedt is betwe^ 
the equino'Etial and the north or south pole. 

The Ecliptic it that gr^' circle in which the annual revolution of 
the Earth round the Sun is performed. It is so named, because Eclipses 
cannot ham>cn but when the Moon is in, or near that circle. The m-, 
cUoation of the Ecliptic and Equinoctial is at present about 23° 28'; 
jind by comparing ancient with modem observations, the obliquity of 

* ttlMf kliobe neeemiyto mcnlion Knottier Horizon, vhieh miybe ca'led 'he Re- 
bDCEDHoaiEoN. Thiiii aplaBc pusLngthroiighth«etnh'«9entei, peipendicuUriothc 
ladiui aoiweiiiiE to the (tduced place Of otociYVion. 
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tt»e Itcllptic is li3und to be diminishing— which dimlinition, In the jh^ 
(ent century, is about half a second yearljr.f 

The Ecliptic, lik« all other great circles of the sphere, is divided 
into 360° } and is further divided into twelve equal parts, cafled 
■ Signs rt each Sign, therefore, contains SO'. The names and cha- 
rafters of these Signs are as follow : 

Aries, v Cancer, o Libra, a Capricomus, W 
Taurus, tl Leo, A Scorpio, H Aquarius, s 
Gemini, n Virgo, fiR Sagittarius, / Pisces, K 

Since the Ecliptic and Equinoctial are great circles, they, therfbre, 
bisect each other in two points, which are called the E'/uinocttal Pmnts* 
The Sun is in one of these points in March, and in the other in Sep- 
tember i hence, the first is called the Fimal, and the other the Autum- 
nal Equinox — and that sign which begins at the Vernal Equinox ii 
called Aries. Those points of the Ecliptic, which are equidistant from 
the equinoctial points, are called the Solstitial • oints ; the £rst the 
summer, and the secdnd the winter soLltce. That great circle which 
passes through the equinoctial points and the poles of the earth, is called 
the Equinoctial Colure ; andthegreat circle which passes through the 
solstitial points and the poles of the earth, is called the Solst'tial Colvre, 

When the Sun enters Aries, it is in the Equinoctial i and, therefor^ 
has no declination. From thence it moves forward in the Ecliptic, ac- 
cording to the order of the signs, and advances towards the north pole, 
by a kind of retarded motion, till it enters Cancer, and is then most 
distant from the Equinoctial ; and moving forward in the Ecliptic, the 
Sun apparently recedes from the north pole with an accelerated motion 
till it enters Libra, and being again in the Equinoai-dl, has no dedina* 
tion 'y the Sun moving through the signs Libra, Scorpio, and Sagitta> 
rius, enters Capricorn ; and then its south declination is greatest, alid 
is, therefore, most distant from the north pole } and moving forward 
through the signs Capricorn, Aquarius, and Pisces, again enters 
Aries ; Hence, a period of the seasons is completed, and this period u 
called a Solar Year. 

The signs Aries, Taurus, Gemini, Cancer, Leo, and Virgo, are 
Called Northern Sigvs, because they are contained in that part of the 
Ecliptic which is between the Equinoctial and North Pole -, and, ther&> 



f Iliiklsotulqicttolwopeftodicaliiiequxlicin; (he iint,ariiin;fronilIie >< 
IbeiiiDiUCOmpIciedin 111 months, the maiimum of which ii only half « second ( the 
other, calletl the Nulatiim ot th* Earth's A;ti» is completed it> > rcTalullon of the Moon'* 
Nodes, or 18 yeaijQM rtip.ind isiuually rcpinenle*) by luppomBJ thepoleof ibeeaith 
fodacnlie the pniphcryof an ellipse in ■ Teciogiade manner dunns a period of the Moun'l 
Nodes. thcgTeaieruli being in the solstitial coluie, and equal to Id". I, arrtthc least aii> 
in the equinoctial colure,uid equal ioi4''.9) thegreateraiii being to ihelnt, astheco' 
sine of the obliquity of liie ecliptic, (o the co-sinc of doable the obliquity. 



«r 30% which wuihcrefoit calltdafign, 

Q 2 fore 



t The difiiion of the Ecliptic into twelve equal f*it» wai (he inventnti oi (.leonratui 

Tenedius. See Pliiiy, lib. a. cap. s. for the Moon was luj^msed to complete a lunation 
in 30 days, and in iliat period the Sun would baTccompleKd alwdfth put of the Edipilc, 

fore 

jtbvGoogle 
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fore,wlule the Sun is in these signs, its declination 15 no.th : the other sn 
signs arc called Soutkvm Sigiu. The signs in the first and fourth quar- 
ters of the Ecliptic are called Ascending Signs ; because, while the Sun 
is in these signs, it approaches the north pole — and, therefore, in the 
northern, temperate and frigid zones, the Sun's meridian altitude dailr 
increases ; or, which is the same, the Kun ascends to a greater height 
above the horizon every day. The signs in the second and third quar- 
ters of the Ecliptic are called Descending Signs. 

The Longitude of the Sun, is that portion of the Ecliptic, which il 
contained between the Vernal Equinox and the bini's center. 

The Right ascension of any celestial object, is that arch of the 
Eiltiinoctial, wlijch is intercei>ted between its meridian, and tlic \'^cr- 
nal E(]uinox. 

The Tropics are circles parallel to the Equinoctial, whose distance 
therefrom, is equal to the obliquity of the Ecliptic. The Northern 
Tropic touches the Ecliptic at the begining of Cancer, and is, there- 
fore, called the Tropic of Cancer ; and the Southern Tropic touches the 
Ecliptic at the beginning of Capricorn, and is hence called the Tropic 
of Capricnrn. 

Circles about the poles of the Equinoctial, and passing through the 
poles of the Ecliptic, are called Tolar CmcLEs-, the distance, there- 
fore, of each Polar Circle from its respective Pole, is equal to the incli- 
nation of the Ecliptic and Equinoctial. That Circle which circum- 
scribes the North Pole, is called the Arctic or North Polar Circle ; and 
that towards the South Pole, the Aatarlicy or South Polar Circle.. 

That semicircle which passes through a Star, or any given point of 
the heavens, and the Poles of the Ecliptic, is called a Circle of 
Latitude. 

The Reduced Place of a Star is that point of the Ecliptic, which 
ii intersefted by the circle of Latitude passing through that Star. 

The Latitude of a Star is that portion of the circle of latitude 
contained between the Star and its reduced place — and is either ttorth 
or south, according as the Star is between the Ecliptic and the north 
or south pole thereof. 

The LoMCiTODE of a Star is that portion of the Ecliptic, contaiued 
between the Vema! Equinox and tlic reduced place of the Star llius : 
PAp,isaCircIe of declination; and PSR=ASB, the angle of position. 

That semicircle which passes through a Star, and the Poles of the 
Equinoctial, is called a Circle of Declination. 

The Angle of Position of a Star is the angle contained between 
the Circles of latitude and declination, which pas^s through that Star. 

Tlie Nonagciimal DegrcCf is that point of the Ecliptic, which is 
equidistant, or 90^ fioni each of its intersections with the horizon. 

Tlie Altitude of the Nonagesimal, is an Arch of a Vertical Circle, 
contained between it and the horizon. 

The Longitude of the Nonagesimal is that Arch of the Ecliptic 
which is contained bi-iwcen it and the Vernal Equinox. 

Let 
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. Let the Cirtle PEQ (fig. S.) represent the Solstitial Colore, £Q th* 
£qumoctial, P, p its Poles; 2b Vf the Ecliptic, whose Poles are R, r; 
and S the portion of a Star irith respeA to these Circles : then is AS 
the dedinatioD) and V A the rieht ascension of that Star ; B is its r^ 
duccd place : Hence, BS irthc laUtude, and TBthe lon^tude of the Star. 



CHAP. m. 

Qf iht liENCTM of the YsiR. 



THE orbit of the earth is an dlipse, in one of whose foci is the sua. 
That point of the earth's orbit which is most djstant &bm the sun 
is called the Aphelion; and that which is nearest is called the Penhelion; 
and the linejoining these is called the Line of the Apsides. Siiice, 
in common language, it is usual to attribute the motion of the earth to 
the sun, the first oTthese points is called the Apogee of the sun, and the 
second, the Perigee. 

A Year is that period or portion of time, in which a revcdution of 
the earth, with respect to some point in the heavens, is completed. 
As the equinoctial points and the line of the apudes have a slow motiot, 
with respect to the fixed stars ; there are, therefore, three difierent 
kinds of Years — a Solar or Tropical, a Sidereo/ or Periodical, and an 
ji3wmalistic Year. 

A Solar or Tropical Year, is the interval of time between tw» 
successive returns of the sun, to the same equinoctial or solstitial point> 
The seasons are regulated by this Year. 

' A SiDBRSAL or Periodical Year, is the interval of time hetwvea 
two soccessive returns of the earth to the same fixed star. 

An Anouaustic Year, is the interval of time between twq mo* 
cessive returns of the earth to the same apsis. 

Of the TkopicAl Yue. 

The length of the Solar Yearb ascertuaedbf comparing thetunw 
of observation of two corretpondin£«qtunoxe(i and tke more distant 
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t^eae equinoxes u« from each other, the more exact will tlterestiltt)e. 
To the length of the Year thus deduced, three corrections are to be >!>• 
plied, in order to obtain the exact length. The first, and most ccm- 
ftideraUe of these corrections, arises from the motion of the apogee of 
the sun, which advances at the rate of 62" annually ; hence the mean 
anomaly, at the vernal equinox, being less than at the time of the pre- 
ceding vernal equinox, the elliptic equation is alsg less — and that equ^ 
tion being additive, the sun's true longitude is, therefore, less j con- 
sequently, the mean length of the Tear is less by the time answering to 
the above difference of the elliptic equation. Again, at the time of 
the autumnal equinox, the elliptic equation is less than at the precede 
ing autumnal equinox, and being subtractive, the sun's longitude is 
therefore greater i and hence, the apparent length of the Year is less 
than the mean length. The above change of the elliptic equation 
reduced to time wiU, at the time of the vernal equinox, amount to 
6".5 ; and at that of the autumnal equinox to 8".7. In the first case 
SJtbtractive, and in the second additive, in order to obtain the mean 
length of the Year. 

The second correction is in consequence of the precession of the 
equinoxes, being greater in the present age than formerly ; and by com- 
paring modem o^ervations, the length of a mean Solar Year is found 
to be about S^.S* less than that deduced from a comparison of modem 
with ancient observations, as those of Hipparchus. 

The third and last correction of the length of the Year, arises from 
the attractions of the Moon, Jupiter, and Venus. This correction^ 
however, becomes almost insensible, when distant observations of the 
equinoxes are compared. 

In the year 145 before our xra, accordingto the astronooucal mode 
of reckoning, Hipparchus observed the time of the vernal equinox at 
Alexandria; which, reduced to the meridian of Paris, was, 24th 
March, at 6h. K/; and . according to M. de la Lande's observations', 
node at Berlin, in the year 1752, the time of the equinox, reduced to 
the meridian of Paris, was, 19th March, or 8th old stile, at 16h. +2'. 
In this interval tbereare 1897 years, wantuig 15d. 13h. S8', of which 
475 are leap years ; and, therefore, in the above period there are 
C92864d. lOh. 92', which being divided by 1897 yean, gives 365d. 
£h, 48' 46" nearly, the length of the Tropical Year. 

Again, M. Cassini, at Bologna, upon the 28th March, 1657, at 
Oh. 5' 1" mean time, or 27th March, at 2Sh. 28' 56" mean time at 
Paris, from observations of the sun's altitude, foimd the dediniition to 
be 3° 15' 12" N.J and hence, the sun's longitude O*. 8° 11' 16", or 
0). 8° 11' S", allowance being made for the attraction of the planet^ 
&c.: and from a series of five successive meridian altitudes of the sun^ 
observed at Paris in 1 760, M. de la Caille found the sun's longitude to 
be the same, 27th March> at 22h. 11' 46" mean time. The mterval 

*M.de ULude'iA«(iDnoin7,vol.i.pa5c3oo. 
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•ftimebenrcffi these two observations ii 97619d. 22h. 42' StT, 
■whi-K being divided by 109, pves S65d. 5h. *8' +8", the length of 
' the Tropical Year. In these observations the sun was at its mean dis- 
tance. M. de la Lande obtained the same results, from a comparisoa 
of nine e<iuiiioxe$ observed by Hipparchus, with late observations. 



Of the Sidereal Year. 

The method of finding the length of the Sidereal Year is to aicertaiD> 
from observation, the instants ^en the sun had twice the same posi- 
tion with respett to a given fixed star ; and the interval of time between 
these instants, being divided by the number of revolutions, will pvo 
the length of the Sidereal Year. 

From a series of observations made at Paris, by M. de la Hire, in 
1684, the difference of longitude between the Sun and Siriuswas 
1° 21' 59", June 29th, at Oh. 2' 30" mean time } aiid from observa- 
tions made at the Cape of Good Hope, by M. de la Caille, in 1785, 
the Sun was found to be in the same position with respect to Sirius IsC 
July, at Sh. 31' 37" mean time at Paris. The interral of time be- 
tween these observations is 24472d. Sh. 28' 47", which increased hf 
26' 27", answering to the proper motion of Sirius in longitude, ana 
divided by 67, the number of revolutions elapsed, gives S65d. 6h. 8' 
iS".2, the length of a Sidereal Year. 

Again, upon the 21st December, 1684, at 2Sh, Sy 50" mean 
time at Paris, M. de la Hire found the difference of longitude between 
the Sun and Sirius to be 171" 55' +5" ; and M. de la cfaiUe, from ob- 
servations- made at the Cape of Good Hope in 1751, found the differ- 
ence of longitude to be the same upon the 24th December, at 4h. T 56" 
mean time, reduced to the meridian of Paris. The interval is 24472d!. 
4li. 7' 46", which increased by 24' 44", the time the Sun would appa- 
rently move a space equal to the proper motion of Siriu3,and divided by 
67, gives S65d. 6h, 9' 26".4, the length of the Sidereal Year : the 
mean of which and the former determuiation is 365d. 6h. 9' 9^.8. At 
this mean is deduced frnm the results of observations made in nearly 
opposite points of the orbit, it may, therefore, be considered as an ex- 
ceeding near approximation to the exact length of the Sidereal Year. 

Since the same number of years are contamed in the two intervals, 
the operation would have been shortened, by dividing half the sum of 
the intervals by the number of revolutions. 

The length of the Sidereal Year is deduced with the greatest accu- 
racy, from observations of the Sun, when at or near its mean distance 
fcma the earth — or rather, from the mean of the Yesults, inferred from 
the comparison of observations made at nearly equal intervals of tBiie> 
|uid in opposite parts <tf the <vb)t> as towvdt tlw apogee and perigee i 

because 
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becaustt of the uniformttr of the motion of the sun for several day* 
when near the apsides*. 

The length of the Tropical Tear, and the precession of the equtnoxef 
being given, the length of the Sidereal Tear may be found as follows: 

Remice the precession of the equinoxes to time, at the rate of 59f 
** to 24 hours i which, being added to the length of the Tropical 
Tear, will give the length of the Sidereal Year. Thus, 

Let the length of the Tropical Year be 365d. 5h. 48' 48", and the 
precession of the equinoxes 50",2f — required the length of the Sidereal 
Year .' Now - 59' 8" : 50".2 : : 2*h. : Uff 22" 

Length of the Tropical Year, - 565 5 48 48 



Length of the Sidereal Tear, - 365 6 9 10 



Of the Anomalistic Teir. 

Thelengthofthe AnomaiisticTear is determined by comparing the 
times of two passages of the sun through the same apside, as before; 
or it may be found by reducing the motion of the apogee to time, a^ 
the rate of 59' 8" to 24 hours, and adding it to the length of the Tro- 
^cal Tear. 

According to M. de la Lande's tables, the annual qiotion of the 
line of the apsides is 62". — Hence, 

Sy 8" : 62" : : 24h. : 25' 10* 

Length oftheTro|Mcal Year, - 365 5 48 48 

Lmgthofthe Anomalistic Tear, - 365 6 13 58 



Since cycles or periods, centuries, &c. contain some given number 
^years, we shal}, therefore, conclude this chapter with the following 
definitions ; 

An ARA is 3 particular account, or reckoning of time, from some 
certain point ; to which account, all remarkable events or actions are 
referred; as the Christian sera, which is used at present in Europe { 
the sera of Nabonassar,' which has always been famous among astro- 
iKHDers, &c. An aera, therefore, has a beginning, but no entl. 

An EPOCH is the beg'mntng, or first instant of an xra. 

A PBXiOD or cTCL£ is a certain portion of time. The follow* 
kigare the principal periods or cycles. 

The cycle of the sijn is a period of 28 year»: in which space of 
time} aU the varietiei of the dominical letten will have happened ; 
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' tod they will return in the same order as they did S8 years. be-> 

Tbe cycle of the moon, called also the Metonic pjde, from tke 
oaroe of iu inventor, is a period of 19 years, containing all the variaJ 
tions of the days on which the new and full moons happen ; after 
which, chey will fall on the same days they did 19 years before. The 
number of years elapsed in this cycle is cidletl the priTAe, or golden 
number. 

The cycle of ikdictiok is a period of 15. years, iued by th« 
Romans; as once in that period, a tax was collected among the in^ 
habitants of those countries which they had cpnquered. 

The Victorian Period, so called from its inventor Victorinus, or 
Victorius, and employed by him to find Easter, is a period of 539 
years, arising from the multiplication of the solar and luOar cycles. 
This is also sometimes called the Dionysian period. 

The Julian Period, invented by Joseph Scaligery contains 798(1 
years, being the product arising irom the multiphcation of the cycles 
of the sun, moon, and indiction. The commencement of the Chris- 
tian xra, or year 0, according to the I>yonisian, or vulgar account^ 
Was the 471Sth year of the Julian period. 

A CENTURT is a period of one hundred years. 



CHAP. IV. 

Of the Fixed Stars. 



X HE Hxed Stars are so named, because theynre observed to' retain 
&«r relative places with respect to each oth^. Some stars ^ 
pear to be of a sensible magnitude to the i^tked eye, but when viewed 
through a telescope, seem only as lucid pmnts', without any apparent' 
diameter ; hence their immense distance from the solar system id m^ 
ferfed, and consequently, they emk their own Ugtit, otherwise they 
would be invisible. It is, therefore, reasonable to suppose them to be id 
fnany suns ; difiiising tight and heat, to planeti revolting romid them, 
loe number of fixed Stars appears fer^ considerable to a person 
who 10ok» inattentively at them ; but, from a due contemplation, it 
wiH be found that, without the assistance of a telescope, there can 
very seldom be more than a thousand seen above the horizon at the 
same time : however, when the Stars are' viewed with a good telesco^i 

■ThefiiM MvRiletten of the tlphabet *rc placed m iheCalendMoppoiite tathecc*(« 
4*7* of the week, uxl Ihultller which innMn id Sanday ii called the AaniaUal lilttr. 
Itthe jear contained exactly atn days, > period of the dominical letten would be coin- 
plded in aeven yean ( but becauw every fouith ycai, which ii called inu«<U( ot I*^ ycM> 
•oDtain) saa day,, tbe pciiod ii ttieiefoK mended M fwu timet ktoi, oi atfycan. ^ 
TOL. II. » tlwo 
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th^ number xppeats almost mfinite. BetWMn the equinoctial and 
the par^Iel of 45'' north declination, M. de la Lande observed the 
places of 8000 Stars, with an achromatic telescope of 8 feet. In a 
space 8" in length and S' in breadth, Dr. Herschel reckoned 44000 
SmallStarsj and in the yearl792, August 22, hefbundthat in 41 
minutes of time, no less than 2580ooStars had passed through the fieU 
of view of his telescope •: 

The Stars, with respect to their apparent splendour, are divided 
into orders, called Magnitudes. The hrightest are called Stars of 
the First Magnitude : the next to these in splendour, Stars of the Se- 
cond Magnitude, and so onto thosetrhicharejust perceptible to the 
naked eye, and which are called Stars of the Sixth Magnitude f. 
Those which cannot be discerned without the assistance of a telescope, 
are caQed Telescopic Stirs, and are divided into orders of the Seventh, 
Eighth, Nmth, &c. Magnitudes accordingly. We are not, how- 
ever, to infer from this, that the Stars can be exactly reduced to one 
or other of these magnitudes, for the star a Aquilx is reckoned by 
some to be of the first magnitude, and others esteem it of the second % 
hence those Stars, whose magnitudes are doubtful, are generally 
marked in catalogues as partaking of both magnitudes — thus a Aquilie 
is marked 1.2, signifying that it is either of the fim or second, or 
rather between these magnitudes ; and v Scorpionis is marked 3.4, 
as being between these magnitudes i and the Sgure denoting the mag- 
nitude, to which the Star 13 nearest, is put first — thus, } Scorpionis u 
marked 3. 2 ; signiiying, therefore, that it is between the second and 
third magnitudes, but nearest the third. From what has been said of 
the magnitudes of the Stars, we are not to suppose that their sizes are 
in the ratio of their apparent magnitudes ; they may perhaps be nearly 
of the same bulk, but the apparent magnitude of a Star depends on its 
distance. 

The Stars* for the purpose of finding any one more readily, are 
divided into parcels called Constellations. These, in order to 
assist the imagination, arc supposed to be circumscribed with some 
known figure, as that of a man, woman, ikip, sextant, &c. and those 
Stars which He between constellations are called Unformed Stars. 
As it would be an endless task to give a proper name to each Star, it 
has, therefore been customary to mark the Stars of each constellation, 
with the letters of the Greek alphabet, in such a manner, that the first 
letter is prefixed to the brightest Star, the second letter to the next in 
brij^ness, and so tm j:. Many of the brightest of the fixed Stars have 

also 

* PhiLTninMCCtoiDfOT l7es, p,70. 

tliulnid ofcluainglhcSunvLiible lo the naked cyr intottxniagniluilci, it, pmbabty, 
would hnebccn more proper to baTCdividcd [hem into ttn — uidthedeein»l diTJiion may 
(Uihrbe continued. 

X Since naiej of the contteltuhMu connin monBtui tbtin thereirc lenen in (he ilphi* 
bet, irwould hiTe been fbnnd vciy convenknt id hare denoted Ihtm by the nutnenl 
chtncten ; to th&t 1 being uinered r> m Stat woald denote i( to be the brigliicit Siir in 
that couMdUiion, 9 (O the nsit ia briEfatnea, and to on. In lik* nunoer, it wonid be veiy 

ntitikctoijr 
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alio pK^r names — thus a, Booce, is abo called ArQunu ; t, Virginis, 
is called fhtdeTniatruc, Sec. 

The celestial sphere is divided into three parts> the Zodiac, and the 
Northern and Southern Heuisphsres. 

The Zodiac extends to abottt 8'^ on each side of the ecliptic, and con- 
tains the orbits of all die planets : there are twelve constellations in the 
zodiac. According to the ancientSi there were 21 constellations ip 
the northern hemisphere, uid 15 in the southern; and consequently^, 
48 constellations in the zodiac and both hemisph^«s. Modem astro- 
nomeni however, hj curtailing several of the ancient constellatioiu 
of some of their stars, which they formed into new comtellatiom ; and 
by forming into consteUations the unformed Stars, or those which Lay 
between the ancient ones, have increased the number of constellatiom 
in the northern hemisphere to upwards of 40, and those in the southern 
to about 48 } and consequently, there are upwards of 100 c(»i$tellationji 
in alL The names of diese constellations are as follow : 



ZODIACAI. COaSTKLLATlOSS. 



I Arin, 

I Gemioi, 

i Leo, 
B Viigo, 

1 Una Minor, 
1 Vn^ Mijoi, 

4 Ccptaoi*, 

Corona Bai«>B«, 

7 Heiculei, 

8 Lxrt, 

Cygnis. 
10 Cuiiopd*, 

IS Serpen tarliu, 

IJ Baitua,' 
IB AqmU, 

18 DetpbiniM, 
IS Eqmilua, 
ttO Vtfmn, 
t\ Atidromcdl, 



VirEin- 
NORTHERN 
Tbe Linle Bur. 
Great Bear. 

, TheNorthcniCnnn 
Herculei. 
TbcHtip. 
Snn. 
CiMiopeit. 

Tta* Waggoner, 

Serpenlaiiui. 

TheStTpenl. 

E*Cle.' 

The Dolphin. 
HooeHcad. 
FljriK Hon*. 



B Scoipio, 
Sagitnriut, 

10 Capiicomiit, 

11 Aquariu. 
IS Piwei, 



Goat. ' 
Water Bearo. 

Fiibr*. 



CONSTELIATIONM. 

13 TrUnf. Bweal'u. The NonhemTiiusle- 

la Comi Berenice*, Btrenice'i Hair. 

■4 Camdoparrialui, The Camclopatd. 

ti Monoccroa, Unicont. 

10 TrisDEuluiiiMiaui, Linle Triin|l*. 
wa. 37 Lyna, Lynx, 

IS LeoMinoT, Liitle IJon, 

Sg AweriosetCban, Gnrhonndi. 

So Ceibenw, Cerbciiu, 

Ol VutpecuUeiAnan.TheFoiandGooar. 

■9 Scutum Sobieaki, Sobi»ki's Shield. 



34 MoDsMana 

Cor Caroli, 



Chaj! 



Reio Deer. 
37 LeMmier, M. Messier. 

IB Taumi Regaiii, The Royal BulL 
ig Friedriclt'i Ehte, Fredericli'i Gloiy. 
40 Tubua HendMlii HcrKhel* Gie*« Tfr 
Maj«r, leacope. 



MtiahcloififalltfaeSlara in the heaTeniwen again to be maiked by niiiliei»1»; to tbu 

I iD^ be )trefix*d to the brighteat Star in the heavcni, a M ihe aexl in brigblMn, &c. 

Tbui 1. Canit Mqoiia. Nfh i. fiinna. 

>■ Lyra. i.V^a, Ac. 

From thii it woald, ihcrefttre, be inferred, ihai Siriui wai the biighieit Stat in Ihe con. 

(iclbtiaa Canii Mqor, and alao the brighieit Star in the heaveiu ; (hat Vega wai the 

VrigltttK Sar in Ljl^ ud [!)■ nest in biig^tiMWW Sirini, ftc 

» 9 SQl^BERN 
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SOUTaSRN COySTBLlATIONS. 



C«ia, T 


he While.. 


9b DoudOjOuXi- The' Sword RA." 


Orion, 


Orior.. 


phi...' ■ 




&idtl<Ul, 


R»o.E«M!l>W 


ag Tonc«., 




Lepni, 


Hire. . , 


aoHydnu.. . 


WaierSnulte. 


Cxnil Ma)or, . 


GreitDog. 


3l S«I»n), 


Seitanl. 


Cuiil Minor, 


Liltle Dog. . 


ai AplMnfw S«lp- 


Apparatutordu: ' 


ArgoNavis, 


Bhip An». 




Carver. 


Mydn, 


Hydn. 


33 FotnaiCheipica, 


Chemical Fu mate. 


Crattr, 


Cop. 


34 Hotologium, 


Clock. 


COIVMS. 


Crow, 


31 Rfnicului, 




Centiann, 


Cmtwu. 




boid. 


Lop«.. 


Wolf 


30 C«lura Scilplori 


C™»inj Tool. 


Aia, The Altar, 






rofooi Aimralii, 


Soulhem Crown. 


37 KqoJlemPictori* 


The Painter'* Eaael. 


KicisAuMnlil, 


Sombem rnh. 


»» Pyxit Naudc), 


Mvinei-a Com- 


■ColuinbjNoichi, 


Noah's Dove. 




paq. 




Royal Oak. 


a» Antlia Pneama- 


Ah Pump. 


Gru), 


. CiaM. 


tiea. 




PhCCTi«, 


St-anix. 


*0Octtn», 


Octant or Hadlry'i 


Indu*, 


Indian. 






P.VO, ' 


■. Peacdcid 


41 Orciijui, 




ApiM, pu ^ai hf 


BirdorPiiadlM. 


19 Norma, 


The Square and auk. 


Apii.oujlfi'icai 


BeeorPlv. 




S3S., 


Cru^i, The Cross. 


43 Mom Menue, 




ClumclWn, 
Tiiinsulum&uit- 
rJi., ■ • 
PiKei Volant, ow 


Cbwuelion. 


in Solitaire, 


An Indian Bird. 


Southern Tri- 
, . Flyin6"Fr.b. 


47 Paallerium Gcor 


The Georgian Ptalterf. 


4a Tubus Heticbeli 


Hetwhtl-i i(u Tde- 


Pfuier. 




. Minor, 


acope. 



Three more southern coiutelladom have been ktely added, viz. 
Montgolfier's Balloon, which is between Sagittarius, Capricon, the 
Southern Fish, and thie Microscope ;. the . iVcw of Guttenlerg, 
betweeq the great dog and the ship \ and the Cat, t>etweeti HydrS} 
the ship, compass and air-pump. The two first of these constellatioAs 
vere formed by astronomers at Gotha, in Upper Saxony, and the 
last by the late M. Jercnne de la Lande. 

The number of Stars of the first magnitude, \a the zodfac, an^ >n 
bdth hetoispheres, do not amount to twenty. 

By {onip^rine the lengths of a sidereal and solar tropical years with 
each other, the fqrmef is found to exceed the latter by 20' 22". Hence, 
the intersection of th^ ecliptic and equator moTei, m a retrqgade direc- 
4ipn,,3bout50".2 ofadegreeyearlyi and this motion is called the Prt^ 
cession of the Equinoxes ; therefoi^, a revolutiop of the equinoctial 
points will be completedinabout 25816 years— this is called the Annus 
Magnus, -or Great Year, Ithas also been caUedibePJaJonic fear, b^ 
cause Plato believed that after this period, all things would rev«rt tp 
the same scate as before. . 

Since the equator changes its poution with respect to the ecliptic, its 
axis will also be changeable ; and its poles, during the annus magnus, 
will complete a period in a circular, or rather spiral orbit— ther^or^ 
op this account, the longitode, right ascensiofa, and declinatioB t^ 

every 



D.g.tizecbvGoOglC 



[ SI J 

vnrj Star will be variable ; and consequently, the piJe of die equator 
cannot ^ways be directed to the same star ; or, which is the same, no 
Stw caB remain at or near the pole of the equinoctial, for any consider- 
able space of time. The Star which at present is nearest the north 
pole is Alruccabab, a Star of the second magnitude, and the last in the 
* tail of the constdlation of Ursa Minor ; the latitude of the Star is 66° 
4' 43", and mean longitude, at the beginning (^ 1800, is 85^46' 10". 
Kowthe nearest approach of this Star to the pole will be, when it is 
in the first of Cancer — ^which accordingly happens in the yearSl03,at 
which time its distance from the pole will be about 29' 55". And 
since the fixed Stars complete a revolution about the axis of the ecliptic 
in 85616 years, therefore, any given fixed Star will perform half are- 
volution in half that time ; and ccnisequently, if that Star was before at 
its nearest appulse to the pole, it will now be the most remote from it 
possible; therefore, 12908 yean after the year 310S, that is, in the 
year ISOl I, the present pole star will be i5° S3' S" distant from the 
pole. AbcHit 2300 years before the common account of the com- 
mencement of the Cnristian lera, the star sDraconisj was the pole 
Star, being then within ten minutes of the pole. 

By this motion of the fixed Stars it follows, that the zodiacal ocm- 
stellations have not retained their places with respect to the vernal 
equinox, but seem to have moved in consequentia, or towards the east, 
ahnost a whole sign, since the time of Hipparcfaus ( so that the coi>- 
stellation Aries is now where Taurus then was, Taurus where Gemini, 
and so on. However, to avoid conftision, the spaces formerly occupied 
by the zodiacal constellations stiU. retain their ancient names, and are 
called Anastra, or without their former Stars, whereas the spaces 
they now possess are called Steli.ata. 

Besides the motion arising from the recession of the equinoctial 
points, the Stars have two apparent periodical motions, called the 
Aberration and Notation ; this latter is also sometimes called the 
Deviation of the fixed Stars. The first of these motions arises fivm 
the velocity of light, combined with that of the earth in its orbit ; and 
hence, each of ^e Stars apparently describes an ellipse about its mean 
place, the longest diameter being 40^, and period a year. The second 
of these motions, or the Nutation, arises from the attraction of the 
moon upon the equatorial parts of the earth; by which the p<^ of 
the equator describes an ellipse about its mean place as a centre — the 
ratiocu'the axes ofthe ellipse being as 19''.1 to 14'',2 : a period is com- 
pleted in 18 years. — Seeiiote, p. 11. 

Many of the principal fixed Stars are observed to change their posi< 
lion with respect to the adjacent Stars, and this change <n place is call- 
ed the Proper Motion t^ the Stars. The proper motion of Sirius, 
Castor, Proci/tm, Pollux, Regulus, ATctunu, va^Altiur, in right as- 
cension, in 100 years, according to Dr. Maskelyne, are respectively 
-1', 9V28'',-1' 28'',-l' 33",-+ IV^' 20", and + 57 : the proper motion 
of Sirius in declination, in a centurv, is 2', and that (^ Arcturus 3' S 1", 

both 
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both tending to tb* South. All the Stvs, except one, in his CalaUgut 
Qf the mtOit right ascensions of 36 principal fixed Stms, Jmuary ] , 
1790 ", appear to have a proper motion in right ascension ; but in the 
catalogue of the same stars, in the Greenwich obsprvati(ms of ISOS^ 
jiniares, a HercuUs, and l a Capricomi, have no proper motion in 
right ascension i - and PoUuj: has none in declination. 

As a necessary result of the proper motions of the Stars, Dr. Hei^ 
•chel infers the motion of the whole solar system in absolute space ) 
which, in a great measure, seems to be con£rmed from his comparison 
of the apparent relative motions of many of the licars. 

Several of the Stars have been known to disappear, as the Stars and 
yin the constellation Argo; In Dr. Maskelyne's Observations, yol. III. 
pitfe 184, it is mentioned that the 55th of Hercules has disappeared, 
and in the Pleiades there were formerly seven Stars, but now six caa 
«ily be observed. Again others, called New Stars, have appeared, 
and then entirely vanished. One of the most remarkab^ of the new 
Stars is that which appeared in the year 1572, about the beginning of 
November, which, with the Stats «, 0, and y, of Cassiopeia, formed a 
perfect rhombus. Its apparent magnitude exceeded that of Sirius or 
Lyra, and sometimes it could be seen in the day time. It continued 
in the same place during the time it was visible, which was 16 months. 
Its colour at first was a splendid white } it afterwards assumed a yellow 
colour, then red, like Mars or Aldeboran, and then bec:ime gradually 
more and more dull, until it entirely disappeared. The new star 
which appeared in Serpentarius, 10th October, 1604, was nearly as ' 
bright as the former { it entirely vanished, 8th October, 1605. Dr. 
Herschel has given a catalogue of stars which were formerly seen, but 
are now no longer visible ; also, a catalogue of new stars +■ 

Periodical Stars are such as appear and disappear at regular inter- 
vals of time. The most remarkable of these stars is that in the neck <^ 
the constellation Cetus — according to Cassini, its period is 330 days % 
'a is visible about 3 months, and invisible during the remaining part of 
its period. The period of f(^ Cygni is about 405d. 8h. There are two 
more periodical stars in the same constellation. 

Variable or Changeable Stars are those whose apparent magni- 
tudes are variable. Upwards of a hundred years ago, the star MffA 
was observed to be be changeable; and, according to Mr. Goodricke'a 
observations, a period of its variations is completed in 2d. 20h. 49' 3", 
andM.de la Lande makes this period only I" less. Its greatest bright- 
ness b of the second magnitude, and least of the fourth. It changes 
fima its greatest splendour to its least in about three hours and a h^f^ 
and regams its highest magnitude in the same interval, which it retains 
during the remainder part of its period. The star & Lyrse completes a 
period of its variations in 12d. 19h. according to Mr. Goodricke; he 
also observed, that ^ Cephei changed from tht third to the fifth mag- 



•Dr. Mukclyne Jive ihe luihot a copy of Ihii cinlogac in 1790, 
t Philosopbiml TnniictiDDt for i;s3. 
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tntvde in Sd. 8h. 87^'. Mr. Pigott found the periodic time of n An- 
tinoi to be 7d. 4h. 38' } When this star a M its greatest brightness^ 
which it retains about 44'h., it is of the third magnitude } and when at 
its least, the duration of which is about SOh,, it is between the fourth 
and fifth magnitudes -, its light decreases during about 6Sh., and the 
period of its increase ts about 36. According to Dr. Herschel, the 
period of the changes of a Hercules is performed in 60 days. 

Mr. Pieott suggests, that periodic stars may sffiird a ready means for 
determinmg acciu^telythe differences of terrestrial longitude*. " Tlus," 
says he, ■* would be a most satisfactory, useful, and profitable discovery, 
and may be the lot of those who have but a slight knowledge of astro- 
nomy, provided that with great exactness, aiid a good memory, a con- 
stant look out be given *." 

The variation in the light of a fixed star has been accounted for, by 
supposing the variable star to have a large planet revolving about it, the 
earUi being in the plane of the planef s orbit. Again, M. de Mauper>- 
luis conjectures, that in consequence of a very quick rotation of a va- 
riable star, the centrifugal ibrce may make it assume the figure of a fiat 
oblate spheroid, and that its inclination may he altered by the attractions 
of planets revolving about it ; hence, when its plane is directed to- 
wards the earth, itwillscarcetybevbible, and it will be brightest when 
its flat side is opposed to the earth — in intermediate positions it wiU 
appear of intermediate magnitudes f. Lastly, it has been conjectured, 
that a part of the sur&ce of a variable star is darker than the rest j 
xnd, therefore, in the time of the rotation of the star, a period of its 

Kises will be completed. The following extracts, from papers by 
Herschel, wiU serve to confirm the 0{rinion of the rotatory motion 
of the stars: 

'.' The rotatory motion of star^ upon their axes is a ca[NtaI feature in * 
their resemblance to the sun. It appears to me now, that we cannot 
refuse to admit such a motion, and ihat indeed it may be as evidently 
proved asthe diurnal motion of the earth. Dark spots, or large por- 
tions of the surface, less luminous than the rest, turned alternately in 
certain directions, either towards or fi-om us, will account for all the 
phenomena of periodical changes in the lustre, of the stars, so sati»- 
nctoHly, that we certainly need not look out for any other cause %" 

" That stars are suns can hardly admit of a doubt. Their immense 
distance would perfectly exclude them from our view, if the light they 
■end us were not of the solar kind. Besides, the analogy may be traced 
much farther. The sun turns on its axis. So does the star Algol.— 
Bo do the stars called Lyrae, 3 Cephei, u Antinoi, o Ceti, and many 
more, most probably all. From what other cause can we so probably 
account for their periodical changes ? Again, our sun has spots on its 
nir&ces ; so has toe star Algol i and so have the stars already naiDcd t 

'•PhflMopliieilTniManlonifer ITor. page iS3. 

t Di9CDiinaiirleid>frerente«flgureide)utcc<,P(iil, 1713. 

t PfaiL TnuHHtioM for 17W, VV 4*s. 
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. tad ptobably every star hi the heavens. On onr sun these ipots xti 
changeable. So they are un the star ; Ceti ; as evidently appears from 
the irregularity of its chaneeable lustre, which is often broken in upon 
by acci&ntal changes, while the general period continues unaltered. 
The same little deviations have been observed in other periodical starsy 
and ought to be ascHbed to the same cause. But if stars are suns, and 
suns are inhabitable, we se^ at once what an extensive field for ani- 
mation opens itself to our view "." 

" When the biography of the star^ if I may he allowed the ex- 
pression, is arrived to such perfection as to present us with a complete 
relation of all the incidents that have happened to the most eminent of 
them, we may then possibly not only be itiU more assured of their 
rotatory motion, but also perceive that t&ey have Other movements^ 
tnch as nutations or changes in the inclination of their axes ; which, 
added to bodies much flattened by quick rotatory motions, or sur~ 
rounded by fings like Saturn, will easUy account for many new phe- 
nomena that may then offer themselves to our ex^nded views f." 

Many of the fixed stars, which appear single to the naked eye,wheD 
viewed with a telescope, are found to consist of two, three, &c, stars^ 
very near each other. These are called Double, Treble, &c. Stars, 

Some of the principal of the double stars are Castor, y Firginis, 
Alphard, aCentauri,^ aHeTculis,AlTUCcahahy Vega, Regulis, tBooleB^ 
yAndromedee, &c. ; uLa/rcB is a treble star, and x Orionic, and 
( Lajrce, are quadruple stars. M. Mayer observed 72 double stars ; and 
Dr. Herschel, from whose catalogue the greater part of tlu above are 
taken, has observed upwards of 700 double, treble, &c- star^, irtiich h« 
has arranged into six classes, according to their apparent distances. 

From the observations of double stars made in opposite parts of the 
earth's orbit. Dr. Gregory and Mr. Emerson} proposed to determine 
the annual parallax of the fixed stars, and hence their distance fr(Hn 
the earth ; and Dr. Herscheljl has prosecuted this subject. The prin-' 
ciples, however, upon which they proceeded are liable to objecti<m. 

A Nbbula b a portion of the heavens brighter than the circunv 
jacent parts, which brightness arises from the combined light of a mul- 
titude of very distant stars, apparently near each other. The most 
considerable of the Nebulx is the Milky Way, which is almost a 
great circle of the sphere, intersecting the ecliptic in nearly opposite 
points. From Cassiopeia, it proceed^ towards the south, throu^ 
the constellations Perseus, Auriga, Orion, Monoceros, Canis Major, 
Argo Navis, where the brightness is greatest, and Crux : it then 
returns to the north, througn Circiniis, Triangulum Australis^ Aia> 

• Phil. Transactinns for l?Bi,pigeBB, 

+ PhiLTramnciionifo/ 17Bil, pa|[e4S7. 

% One of ihi tmrs of b CenMnii ii of the Kcond magnitude, tnd the other of the 
fouilta i their appaient tSiunceii about is" or la''. 

f Dr. Gtcgoiy'i AstTDnomr, vol. i. p. 100. — Emenon'i Aitronomr, p. 117, London, 
1700. 

U PbiL TnosMtions for l^SI-^-Scc also Galiko'f SfSMm* Counicun, iiU9,p. ssi. 



D,g,t,z.ctvG00gIC 



[ iW ] 

and Norma, vhere it is di^ded into two brandies, one of whick 
passes through Scorpio, Serpentarius, Taurus, and C^gnus, to Cas- 
siopeia ; and the other through Telescopium, Sagittarius, Antinoui, 
Aquila, Sagitta, Vulpecula, &c. to Cy^nus, and craitinues to Cas- 
siopeia, 'rhe next are those usually caUed the Magellan'tc Clouds; 
then Pitesepe in Cancer, S Ononis, &c. M, de la Caille, at the Cape 
of Good Hope, obsenred 42 nebulx, irhich he divided into three 
classes, each containing 14 nebulx. In those of the 6rst class he 
could perceive no stars. The nebulae of the second consisted of dit- 
tinrt masses of stars ; and those of the third contain stars of the 
sixth magnitude and under, with white spots similar to those in the 
first class. In the Connaissance des Terns for. 1784, there is a cab^ 
logue of 103 nebulse ; and Dr. Herschel has given a catalogue of up- 
wards of 1000, in the Philosophical Transactions for 1786. 

In the southern hemisphere, to the eastward of the Crosiers, there 
is a part of the heavens of about 3° in diameter, of a deep black. 

Nebulous Stars are those which are surrounded with a &int 
luminous atmosphere Dr. Herschel gives the following account of a 
nebulous star which he observed, November IS, 1790 : — " A most 
singular phenomenon ! A star of the eighth magnitude, with a faint 
luminous atmosphere, of a circular form, and of about S' diameter. 
The star is perfectly in the center, and the atmosphere is so diluted, 
faint, and equal throughout, that there can be no surmise of its con- 
sisting of stars i nor can there be a doubt of the evident connection 
between the atmosphere and the star. Another star, not. much less 
in brightness, and in the same field of view with the above, was per- 
fectly free from any such appearance."* In the Phil Transactions for 
1602, Dr. Herschel has given a catalogue of 500 nebulous sta^, and 
groups of stars. 

The Zodiacal Light is a cone of light, having the sun for its 
base, and extending in the direction of the zodiac, and hence its name. 
It is seen, after the setting and before the rising of the sun, about the 
end of February and the Deginning of March. This light is now un- 
derstood to be the atmosphere of the sun ; its breadtn, at the hori- 
zon, is from 8* to SO° ; and its length, along the zodiac, is sometimes 
45°, and in favourable circumstances it will extend to lO0°, where it 
tenninates in a point. Thii light was observed by M. Cassini in 
168S,&om whom it had its name. Itis, however, mentioned in a book 
published in England in 1661, entitled Britanma Bai-onica, by Mr. I. 
Childrey. A remarkable circumstance has been observed, namely, that 
the tail (^ a comet is not altered in passing through the zodiacal light. 

The moon's orbit being contained within the zodiac, its motion is 
very r^d with respect to the sun, and those stars situated in that zone 
On this account, there is founded one of the best methods for Hnding 
the longitude at sea hitherto discovered. In order to ascertain the 
longitude of a ship, with as great accuracy as possible, by this method, 
the moon ought to be compared with those stars which are situated in 
or near its ort)it } by which means ts little as possible of the moon's 

proper 
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proper motion will be lost. The stars used in the Nautical Almanac, 
tor the purpose of determining the longitude at sea by the above me- 
thod, are, a ^rietii, Aldelioran, PolluXt Regnluf, Spica yirgims, jln- 
tareSf a AqniUe, Fomalhaiil, and a Pegasi. The distance between 
the moon and the sun, and one or more of these stars, according as 
they are in a proper position for observation, is given in the viii. ix. 
X. and xi. pages of the month, at the beginning of rvery third hour 
apparent time, by the meridian of Greenwich. 

Iliese stars may be easily known, as being the brightest of those 
lying near the Moon's path, or nearly in a line perpendicular to that 
joimng thecusps of the Moon; the following directions for know- 
ing them may, howev^, be of service. 

The Pleiades, or, as they are more commonly called, the Seven 
Stars, although only six principal stars remain, are, it is presumed, ' 
universally known. Towards the S. t. and at the distance of nearly 
l4° is the star jildeliaran, of the first magnitude, and of a reddish 
colour, which, together with a few small stars, form a triangular 
figure. Between the N. and E. of Aldebaran, and about the angu- 
lar distance of 45°, is Pollux, in the constellation Gemini, and at a 
small distance to the N. is Castor. From Pollux a little to the S. 
of E. at the distance of about 37", is Itfguliis, in the constellation 
Leo } «nd from thence, at the distance of about 54" towards the East, 
is Spica yngiiiis. Prom this star, and nearly in the same direction, 
at the distance of about 46°, is Anlares, of the first magnitude. From 
Antares to Alliiir, or a jiquilfEt in a north easterly direction, the 
angular distance is nearly 61". From Altair to Fumnlhnut, in a 
south easterly direction, the distance is about 59^° ; and from thence 
to a I'egasi, or Maikab, the distance b about 45° in a northerly 
direction i and from x Pegasi to a ytrietis, the distance is about 4S}° 
in a direction a little to the south of east ; and Aldebaran is distant 
from a Arietis about 5!>i°, nearly in the same direction, but inclining 
a little more to the south. 

Some of the other principal fixed stars, which may be employed 
in finding the latitude, and the apparent time at the place of obser- 
vation, may be known by their relative bearing and distance frcnn 
those already described. The following few directions may, probably, 
be acceptable to some persons. 

An imaginary line ^om the Pleiades through Aldebaran, at the 
distance of about 16° from that star, in a south-easterly direction,(wilI 
pass through fiellatrix, of the second magnitude, in the constellaticm 
Orion i and towards the cast, about "7^° from Bellatrix, is Betelguese, 
of the first magnitude, li> the same constelbtion To the south of 
these stars, and nearly on a straight line, and at equal distances, are 
three stars, each of the second magnitude, called the Belt or Girdle 
of Orion : from the belt, towards the south is the Sword of Orion, in 
which is a remarkable nebula ; a line from Betelguese, between the 
first and second stars in the belt of Orion, will pass through Rigel, of 
the first magnitude. From Betelj^ese, towarcu the east, at the dis- 
tance of about 26", is Frocyon, between the first and second rnagoi- 
ttides, in the constellation Oinis Minor. These two stars, and Sinusi 

of 



[ 2' J 

of the first magnitude, in Canis Major, towards the south, form nearly 
an equilateral triangle. 

From Aldebaran, in a direction a little to the east of north, and at 
the distance of about 31°, is Capelia, of the first magnitude} these 
two stars and Castor form nearly an isosceles triangle, Capelia being 
at the vertex. A line from Rigel through Capelia produced will near- 
ly pass through Alruccahah, or the pole star ; the distance between 
the two former being. about 54", and that between Capelia and Al- 
ruccabah 44°- The pole star is the last in the tail of the constellation 
Ursa Minor, which constellation cont^uns seven principal stars, and 
is similar, but differently posited with respect to Ursa Major, or the 
Great Bear ; the two westernmost stars oi this constellation, when iu 
the hemisphere south of the pole, are called the Pointers ; as a line 
through them points out, or is nearly in a direction with the pole star. 

Towards the south of Reg;ulus, and inclining a little to the west, at 
the distance of about 23| , is Alpkard, in the constellation Hydr.i- 
FroDi Regu!u<i to Doneb, the disuiice, in a direction to the north of 
east, is about '2'i'j°. Froin Spica Virginia to Arcturus, in a northerly 
direction, the distance is 33° ; and nearly iu a line between them ts 
Viademitttrix, in Virgo ; to the north of this star, at the angular dis- 
tance of about 27^ degrees, is Cor Catttli In a north easterly direc- 
tion from Arcturus, at the distance of 19 J° degrees, is ^/TpAocca, in Co- 
rona Borealis-,andfromthence, nearly in the same direction,at thedis- 
tanceof about 39}°, is i^^a,or a Lyra, of the first magnitude. At the 
distance of 47° from Spica Virginis, towards the south, is the northern- 
most of four stars, fbrmiuga cross, and therefore, called the Crosiers. 

Nearly 14° to the north-east of Altair, b the constellation Delphi- 
nus, in which are four principal stars, in form of a rhomboid i and this 
line being produced from Delphiuus, in the same direction will pass 
through Sclteat, a star of the second magnitude, in the consteUation 
Pegasus. About 13° to the south of Scheat, is Markab, a star of 
the second magnitude, in the same coustellation ; nearly 16|° to the 
eastward of Msurkab, is Algerdb or y Pegasi, of the second magnitude ; 
and about 14° to the eastward of Scheat, is a Androm^dx, or Alphe- 
ratz, a star of the third ma^tude,in the head of Andromeda. These 
fijur stars form a figure which is usually called the Square of Pegasus. 

Erom » Andromedx, in a north easterly direction, at the distance of 
nearly 14^°, is Mirach ; and 23}° there&om, in the s^me direction, is 
the variable star Algol. In a peniendicular direction fit>m the middle 
of the line joining Mirach and Afgol, towards the north, and at the 
distance of about one-eighth of ttut line, is Almaach, About 31^°, 
towards the north of Mirach is Sckedir in Cassiopeia ) this constelk- 
tion contains five stars of the third magnitude, and is easily known. 
Between the south and west of the Pleiades, at the distaiKe of 23°, or 
from Aldebaran26'',isAfCTUdr,afthesecondmagnitude. Betelguese, 
Rigel, and Achemar are nearly in the same direction, the distance be- 
tween the two last bong 4^ times of that between the two first. 

A celestial globe, or maps of the stars, origans of the constellations, 
would be of great service to the navigator, who wishes more in- 
finmation in this particular department. 
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CHAP. IV. 
Of the Planets. 



.^~\ Planetakt Ststbu is 211 assemblage of several bodies revolv< 
ing about another body as a common center, which gires light 
and heat to all, and is, therefore) called a Sun ; and the revolving 
bodies are called Planets and Comets. The path which a Planet or 
Comet describes in iti motion round the sun, u called its Orhit. 

Planets are of two kinds, Primary and Seamdary. A primary 
pknet regards the sun as its center of revolution ; a secondary is a 
Dody revolving about a primary planet, and is called a salellite. 

There are now known to be eleven primary planets, of trtiich 
the names and characters are as follow : 

Name. Ckamettr. 

Mercury, 

Venus, 9 

Earth, @ 

Mars, cf 

Jupiter, ^ 

The planet Georgian was discovered by Dr. Herschel, March ISj 
1781, who named it after his sovereign ( but the French have given 
it the name of its discoverer : it has also been called Uranus, Urania, 
Minerva, &c. M. dc la Lande is of opinion, that the S4<th Tauri,* 
observed by Flamstead, December IS, I690j and No. 964, in 
Mayer's Catalogue,f and observed by him, Sept. 25, 1756, were 
the Georgian planet4 Dr. Herschel is also of c^iinion, tluC this 
. planet was observed by Flamstead, and mistaken for a small Star.i 
The planet Ceres was discovered by M. Piazzi, Astronomer Royal 
at Palermo in Sicily, upon the 1st <M January 1801} Pallas> by Dr. 
Olbers, at Bremen, on the 28th of March 1802 ; the planet Juno was 
discovered by M. Harding, at Lilienthal near ^emen, upon the 1st 
of September 1804; and Vesta by Dr. Olbers, ar Bremen, on the 
29th of M^rch 1807. The orbits of these four planets are contained 
between those of Mars and Jupiter ; by comparing the great inter- 
val between the orbits of these two planets, with that between the 
orbits of any two adjacent planets formerly known, it was surmised 
by Mr. James Hemoulli, in lus Syitetna Comelantm, Anno 1 683, that 
there is • primary planet revolving about the sun, between Mars and 
Jupiter, whose period is ^x>ut 4 years and 157 days, and its mean dis- 
tance i.i8S. This planet, irom its smallness, and great distance, he 
supposes not to be visible to an observer on the earth ; and, also, that 
it has several satellites belonging to it. Professor MacUurin, upwards 
of seventy years ago, and lately C Loft, E^. supposed that there muU 
be, at least, one planet whcae orbit is contained between those of 
■ Connkimim del Temt pour 1701, page 300. 
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Man aiMl JuiMler { and the late discoveiiei have now verified the con- 
jectures of these eenttem^i. 

The number of satellites hitherto discovered belonging to these 
planets amotmt to eighteen ; one of which belongs to the Earth, 
called the Moon ; four belong to Jupiter, seven to Saturn, and six 
to the Georgian planet. Messrs. Cagsini, Short, and Montaigne, ot>- 
served a phenomenon, which induced them to believe that there was 
a satellite belonging to Venus. 

Since the Sun is the lowest body in our system, and because the 
orbits of Mercury arid Venus are conbuned irithin thit of the Earth,, 
they are, therefore, called inferior planets; the. other planets, being al- 
ways more distant than the earth fix»n the Sun, are called superior 
planets. It may be observed, that aU the [Janets hitherto discovered 
are superior with respect to Mercury, and infeiior to the Georgian 
planet. 

In the time of a planet's revolution romid the Sui^ a period of it» 
seasons is completed, and this interval b called a Solar Tear. 

The periods, or sidereal revolutions of the several planets, together 
with their distances from the sun, expressed in English miles, are ai 
follows: 

Planett. Sidereal Revolution. Mean Distance." 

Mercury, - 87d. 23h. 15 '43" -6 - 35853400 
Venu», - 224 16 49 10 .6 - 66995700 
Enrtb, - 3tJ5 6 9 \l J& - 92Q21000 
Mars, - 6S6 23 30 S5 .6 - 141125100 
.Tiipiter, - 4332 14 'i? 10 .8 - 4S18&7700 
Saturn, - 1075;J 1 51 11 .2 - 8e36710OJ 
Georgian. 83 ysars. IjOd. IBli. - 17&"737.;O0O 
Crres, - i6Sld. I2li. H" 'U- - 2553)7000 

The planet Pallas completes its revolution in 1680 days ; memi dts- 
tance from the Sun 2.76544, that of the Earth being 1 . — Juno, in about 
1588 days } its mean distance being 2.66072. M. Harding has de- 
noted the character of this planet by a sceptre and star. The de- 
ments of the orbit of Vesta are as yet imperfectly known. 

The planets Venus, the Earth, Mars, Jupiter, and Saturn, besides 
their annual motion round the Sun, have been observed to move round 
their axes from west to east, which motion is called their rotation. 
The time of rotation b measured by the return of any meridian to 
the same fixed star, which is called a Sidereal Day ; and the return 
of the same meridian to the Sun is called a Solar Day. A terrestrial 
splar day is divided into 24 equal parts called hours ; each hour is 
subdivided into 60 equal parts called minutes, and the sexagesimal, 
division is continued. The times of rotation of the above planets, in. 
mean solar time, are as follow : 

Rotttion of Mercury, - «5h *' 0" Jupiter, - 9h 55' 37" 
Venus, - S3 21 19 Saturn, - lO 16 
Earth, - 23 56 4 Ring of do. 10 32 15 

Mars, - 24 39 22 
• These weie computed an the suunipUaa of (be San't mem boii^onal puillu 
Ixiac B'' S19S, Kcoidinc to the determiouloa ofM. du Scjoui, (ronLtbe Utc tnuuU of 
Tcna. Vute Tiuij .\iialjtiqae, Ac. torn. i. p. tio. 
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The rotation of the Sun, according to A/. Casti/it, is performed in 
35d. 14}i. S'i M du Sijour makes the time of rotation lo be 35d. 
iSh. 44'i M.delaLaTide, 25d. tOh. O'. According to the observa- 
tions of the author> in l787, the time of the rotation of the sun 
is 25d. 7b. 5^. ; and in Rowning's Philosophy, and many other 
works, it is slated at 25d. 6h. C* 

The time of rotation of a planet is discovered by observations on the 
spots on its disc ; and though the nearness of Mercury to the Sun> 
and the great distance of the Georgian planet from the earth, have 
prevented the discoveir of spots on their discs, and thereby the times 
of their rotation ; yet Q-om analogy it may be prenuned, that each of 
these planets has a rotatory motion. 

The rotation of the Moon is performed in 27d. I2h. 4S'i and it 
was surmised, in the first edition of this work, that each of the 
satellites belonging to the other planets revolves about its axis : this 
is now confirmed by the late olwervation of Dr. Herschel , for, ac- . 
cording to him. 

The rotation of the First Satellite of Jupiter is per- 
formed ia . . . . Id. 18h 26' .6 
Second. . . 3 18 17 .9 
Third, . . 7 9 59 .6 
Fourth, . . 16 !8 5 .If 

The fifth satellite of Saturn revolves on its axis in 7d days, and pre- 
sents the same side to its primary, as the Moon does to the Earth ; 
and that each of the sat^ites of the other planets has a rotatory mo- 
tion, is scarcely to be doubte<L 

By means of the rotation of a planet, combined with its annual m<v 
tion round the Sun, in the time that a period of the planet's seasons are 
completed, every point on its surface will have enjoyed the presence 
of the Sun for nearly an equal interval of time. 

The figure of the Earth, Mars, Jupiter, and Saturn, is found by 
observation to be that of an oblate spheroid, the ratio of the equato- 
real diameter to the aids of these planets being as 230 : SS9, 13S5 : 
1272, 1« : 134 ^^^ 11 • 1^> respectively; and by analogy, the other 
planets are also of a spheroidal figure^ the least diameter being that of 
rotation. 

Saturn is surrounded with a tjiin circular ring, which appears to 
be double. $ If the semidiameter of Saturn be supposed to be divided 
into nine equal parts, then the radius of the interior edge of the ring 
is 15, and that Oi the exterior 21 of these parts *, hence, the interv^ 
between the planet and the ring is equal to the breadth of the ring. 

* Vol. ii. put. IT. p. )4.— See ■Ito Guihric't Gnmnur, p. s. — ImiMn'i Scbool of 
Am, p. 307. — AiUmt' Ceo^nphj, |i. «. Ac 

t PhiloaophicilTruuactioiu lbrlTD7,paS<">**> ^*0. 

t TbeptopontODof ibe uaorJapiici, asienblc to M. de b PUce'* calenUlioiu, it 
neuly u do i 7«. > 

( From Dr. Henchel'i obtcnWiow, ihe iMeml between the itap it ssso mlita. 

The 
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The inclination of the plane of the ring to the ecliptic is Sl° lO*; and 
the place of its ascending node,at the beginning of 1 802, \vaa3> 21° bt' 
43". The ring continues parallel to itself during a revolution of Sa- 
turn about the Sun. In that period, therefore, the plane of the ring 
istwice directed to the Sun, and that side of it is enlightened which is 
opposed to the Sun. The ring, being very thin, becomes invisible 
when its plane is directet^ either to the Sun, or to the Earth, or when 
its dark side is opposed to the Earth \ that is, when the Sun and Earth 
are on <^postte sides of the plane of the ring.* The rotation of the 
ring, as settled by Dr. Herschel, from observations made in the year 
1789, on the apparent motions of five luminous and protuberant 
points on the ans» of the ring, is lOh. 32' 15".4. The ring is so 
extremely thin, that, according to Dr. Herschel, it seemed not to be 
the fourth, at least not the third, part of the diameter of the third 
satellite, which was less than one second *, and that the seventh satel- 
lite, when in the plane of the ring, appeared in the shape of a bead 
upon a thread, projecting on both sides of the same arm. The edge 
ca the ring is either spherical or spheroidal. 1'he light of the ring is 
generally brighter than that of the planet ; and JVf , du Seitmr is of 
opinion, that the southern side of the ring reflects more light than 
the northern. I he ring is not wholly in the same plane. M. de la 
Place has deduced from theory, that the density of the ring i'l greater 
than that of Saturn ; and Dr. Herschel observes, that since the ring 
casts a deep shadow upon theplanct, is very sharply defined both in 
its outer and inner edges, and in tn-ightness exceeds the planet itself, 
it seems to be almost proved, that its consistence cannot be less than 
that of the body of Saturn. The ring, as seen from Saturn, appears 
like a large luminous arch in the heavens, as if it did not belong to 
the planet. 

The orbits of the jplanets are ellipses, in one of whose foci is the 
Sun. TTiat point of the orbit of a planet which is fariheSt from the 
Sun, is called Aphelion or Apkelium ; and the point nearest theSun, the 
Peritielion or Perihelium. That point of the orbit of a planet which is 
most distant from the Earth is called the ApogeeorApogtBum, mithx 
point nearest the Earth is called the Perigee or PerigeBiim, 

Since the orbits of the planets Mercury and Venus are contained 
within that of the Earth, they can never be seen in opposition to the 
Sun } but because the orbit of the Earth is contained within the orbits 
of the other planets, theseplanets may, therefore, be seen in opposi- 
tion, or in any other position with remct to the Sun. The pheno- 
mena of an inferior planet, as observed h-om a superior planet, arising 
from their combined motions round the Sun, may be thus illustrated. 

Let S (fig. 3.) represent the Sun, ABCDEFGH the orbit of an in- 
fericn* planet, IKLMN the orbit of the earth, both being supposed in 

• Decembct snd, Isftl.therarlh will belohoirly in (he planeof ihc linj.lhii it will 
dtnppor, ind wtUcontinoc iniiiibleantil Ihe 94lh otJinuair isn, wlicn ilirnnh will 
icpui Iti plane. Tbt ring will d]»ppeir a sacoo<l lime on [he ind of June is«3, ind 
mppcsr OD Ihe iTth oT Aupin, ■nd will coniinae to be visible until ilit I'b of Much 
117*1 it wiU,bowe<e>,i«>ppe»ion tbeaiti of thai manih. 

the 
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the same plane, and the circle 7~5c=iVy the ecliptic i now let the Earth 
in any point I of its orbit, when the inferior planet is at A, be in a right 
line between the Sun and the Earth, it is then said to be at its inferior 
conjunction ; when at the paint £, it is at its superior conjunction ; and 
when at the points Cor G, where a straight line from the Earth is a 
tangent toils orbit, it is then at its greatest eastern or western elonga- 
tion — the elongation, at any other time, is measured by the angle con- 
tained between lines drawn from the center of the Earth to the centers 
of the Sun and planet. Now, if the planet be supposed to more for- 
ward according to the order of the signs, with the excess of its velo- 
city above the Earth's motion, the Earth may be supposed to remain 
stationary at the point I ; let the planet be at any point C of its orbit, 
hence its place referred to in the heavens is N, and when the planet is 
come to D, its apparent place is O -, it has, therefore, apparently moved 
through the space NO : in like manner the planet having moved 
through the portion DEFG of its orbit, will have ap[>arently aescribed 
the space O 25 PQ. and when the planet has moved from G to H, it 
will appear to have returned to P ; and during the time it describes 
the portion HABC of its orbit, it will apparently move through the 
space P !!5 ON, contrary to the order of the signs ; hence, dunng the 
time the planet is describing the western part of its orbit ABCDE, it 
sets sooner and rises earlier than the Sun, and may, therefore, be 
called 3i Morning Slari and during the time it is describing the 
eastern part of its orbit EFGHA,il rises and sets later than the sun — 
it will, therefore, be seen after sun-set, and of course called an Even- 
ing Sfar : during the time the planet is describing the superior part of 
its orbit, it moves according to the order of the signs, and is, ther*- 
fore, said to be direct ; but its motion, while describing the inferior 
part of its orbi", is apparently contrary to the order of the signs, as 
seen from theEanh,and Jtis hence said to be '■e^ro^rofff; when the planet 
is towards the points of greatest elongation, it is then either receding 
directly from, or approaching towards the Earth, and its apparent 
motion for some time is scarce perceptible ; it is theri said to be sta- 
tionary. 

While an inferior planet, as seen from the Earth, is moving ac- 
cording to the order of the signs, it is evident that the motion of 
the Earth will be direct as seen from that planet ; when the planet k 
apparently retrograde, the Earth will be also retrograde i and when 
the planet is apparently stationary, the Earth wiU be also stationary, 
as seen from the planet. Hence, the phenomena of a superior planet 
is sufficiently obvious, and require! no further illustration. 

Since, by observation, the orbit of each planet is found to be in- 
clined totheecliptic, it. therefore,intersect>theecliptic in two opposite 
points, called JVo</«t; thathalf of the planet's orbit, which is b<^een 
the ecliptic and north pole, is called the northern part of its orbit ; and 
the other half, the southern. That node which the planet enters, 
when advancing towards the north, is called the Ascending Piode ; and 
the Other, the Descending Nnde; and an imaginary Straight line 
joining these, is called the Line of the Nodti. 

Let. 
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LetABCD(fi^. 4.)represeiitt]Mt)rtMtoftlieeaitb, amlEFGH the 
oAit of an intenar planet, S the Sun, and EG the line of the iu)cles> 
"E, being the ascmdmg, and G the deKending node ; also let A be 
the ]>Lice of the earth in the ecliptic^ and F the situation of the planet 
in its proper orbit; then, will M be the Heliocentric place of the 
idanet, or its place as seen from the Sun ; and N its Gmcmtrk placet 
or point where it would be seen from the Earth; if FIbe drawn per- 
pendicnlarto the ediptic> theanj^ FSI is the Heliocentric Latitude^ 
andFAIthe Geocentric Laliiudt <^ the planet; SI is called the Cur- 
tote Distance, and the difference between SF and SI, the Curtation. 

The heliocentric and geocentric loo^tudes and latitudes of the pl^ 
nets, tc^ether with their declinations, and passages over the meridian in 
Sfiparent time, are given in the Nautic^ Almanac, page it. of the 
month. The declination and transit of a planet are usd^ in comput- 
iogthe latitude, and apparent time at sea, from its observed altitude. 

The Periodic Time of a planet may be found, by observing the in- 
terval of time between two successive poss^es of the planet through 
the same node,allowance being made for the motion of the node cm- 
ring that interval j and to obtam a greater degree of accuracy, it wiU 
be proper to select two very distant observationi, when the planet was 
in the same node ; and the interval, after allowii^ for the motion of 
the node, being dividedby the number of elapsea periods, will give 
theperiodic time : and because the place of a planet is usually reckon- 
ed from the vernal equinox, therdbre, the penodic time of revolution* 
with respect to the ued stars, must be reduced to the periodic revo- 
lution, relatively to the equinoxes, by deducting a put proportional to 
the recession of the equinoxes in that interval. The time when an 
inferior planet is in its node is most accurately determined, by observ- 
ing its tranut over the San ; and that of a superior planet, when in 
opposition, and at the same time in or near the node. 

A Synodic Period of a planet, is the time elapsed between two suc- 
cesuve returns of the planet to the same point of its orbit, as seen 
from the Earth. 

The periodic time c^an inferior planet may also be found, by di- 
viding me product arising from the multiplication of the synodic pe- 
riod of the planet into the Earth's period, bv the sum of these perimls} 
and that (^ a superior planet is found by aividing the product oE its 
synodic period mto the Earth's, by the difference between these pe- 
riods. 

The Comparative Instance of an inferior planet may be deduced 
from the quantity of its greatest elongation ; for, if the distance of 
the Earth frcnn the Sun be supposed equal to unin, the distance of 
the planet from the Sun will 1m expressed by the sine of its greatest' 
elongation, and its distance from the Earth at that lime, by the co- 
sine of elongation : — ^The <Ustance of a superior plant from the Suo 
will be equal to the cosecant of the greatest elongation of the Earth, as 
•eeo from that planet, which is caued the FaraUactic angle i and the 
distance of the planet from the Earth u equal to the cotangent of that 

VOL. I. P ™8'*f 
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■Df^Ci die radius being unity. However, these being on the asnimp* 
don of a circaLar orbit, wilt deviate a littie from the truth. 

Kepler, by comparing the periodic times and distances of the pla- 
nets from Uie Sun wiui each other, found, that the squares of the 
periodic^ times are directly as the cubes of the mean distances ; and 
since the periods of the planets may be very accurately found by ob- 
servation, therefore, by the above law, the relative mean distance of 
the planets may be deduced with the greatest precision ; and because 
the mean distance of the Earth &om tneSun, in known measures, is 
pi e tty well ascertained by the late transit of Venus, therefore, the ab- 
solute mean distances of all the planets are also determined. 

Since the plUiets receive their light from the Sun, it is evident^ 
riiat whatever side is opposed thereto will be enlightened ; therefore, 
at the inferior conjunction of Mercury or Venus, neither can be seen* 
because the unenlightened side is towards the Earth, unless atthe time 
of a transit, and then it will appear like small black round spot upon 
the Sun's disc ; but at the superior conjunction, the enlightened honi- 
sphere of the planet is towards the Earth, consequently the whole of 
its disc will be visible ; and when the planet is at its greatest elonga- 
tion, one half of it only can be visible, because the plane of the ter- 
minator, or circle bounding light and darkness, is directed towards 
the Earth. — Hence, when either Mercury or Venus is in the inferior 
part of its orbit, less than its half appears enlightened, but more, when 
in the superior part of its orbit. The distance of Jupiter, Saturn, 
and the Georgian planet, being very ctmsiderable, in respect of the 
Earth's distance from the Sun, the enlightened discs of these planets 
are, to sense, always opposed to the Earth ; but because of the proxi- 
mity of Mars, it is observed to be fiill and gibbous alternately. 

The magnitude of Mercury is about a I5th part of the Earth ; Venus 
a 9th nearly; Mars a 7th part ; Ceres l-400th part of the magni- 
tude of the Karth ; and the other late discovered [uanets probably still 
less. The magnitude of Jupiter is 1281 times, Saturn 995 times, 
and the Georgian planet 8o| times, that of the Earth ; and the Sun is 
1 384462 times larger than the Earth. 

The principal planets are easily known from the fixed stars, by the 
Steadiness of their light ; and, a viewed with a good telescope, they 
appear to be of a considerable magnitude. Their apparent motion 
among the fixed stars serves also to distinguish them. 

The first of the planets tlwt was discovered to belong to the solar 
system is probably Venus. This was about 710 years before the 
Christian xra. The ereatest elouMtion of this planet is about 48^, 
when it is in the inferior part of its orbit, and when the elonga- 
tion is about 40°, it is apparently of the greatest brightness. Ed 
this position, which happens about 36 days before and after its 
inferior conjunction, it transits the meridian 2h. 31' before and a& 
ter the Sun. Venus has often been seen in the day time without the 
assistance of a telescope, and is bright enough to cast a shadow of 
,night. The period of this phenomenon is eight years ; the apparent 
diameter of Venus, is 39", and the enlightened part lOi", or little 
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more than one-fburth. When Vcntu u ia the western part of it* orlnt, 
it rises before the Sun, and is called Phosphorus «- the Morning Slarj 
or Heltd-l/enshahar, that is, Helal son of the TWiming. Wh^n this 
planet i& in the eastern part of its orbit, it seu after the Sun, and i> 
called Hesperus or the Evening Star. 

It may be remarked, that the times of revolution and rotation of 
the planet), and their mean distances &om the Sun, remain constant } 
and their secular inequalities are periodicaL The stability of the so- 
lar system is a wonderful phenomenon, and the most worthy of the 
contemplation of the philosopher. 



CHAP. V. 
Of the t&.oov. 



1 HE Moon', though only a satellite belonging to the earth, is, 
next to the Sun, the most conspicuous body in the heavens, both on 
account ofits apparent magnitude, and diversity of aspect. 

By contemplating the htoon during the course of a month, it is ob- 
served to put on a variety of appearances. When the Moon is £rst 
observed a little to the eastward of the Sun, 2 small portion of its disc 
is enlightened, and that portion is next the Sun ; the enlightened 
part increases more and more until it appears perfectly round — the 
wes ter n part then becomes invisible, and die enlightened part gradu- 
ally dimmishes as it approaches the Sun, and' entirely disappears 
when in conjunction with that object, except at that time, it happens 
to pass directly between the observer and the Sun. These various 
appearance are in general called the Phases of the Moon. 

By 'comparing the Moon's phases and its elongations from the Sun 
with each other, it is found, that the same phase corresponds to the 
same elongation. Hence it evidently appears, that the Moon is an 
opake body, receiving its light from the Sun, and, therefore, that 
part only is enlightens wticn is opposed to the Sun. 

Since the Sun is much larger than the Moon, it is evident that 
more than a hemisphere is continually enlightened -, it is also mani- 
fest, that a complete hemisphere of the Moon cannot be seen by a 
spectator on the earth; but the difference in bmh cases is so very 
trifiing, that it mav be neglected, in the following illustration of the 
phases of that satelUte. 

Let S (fig. 5.) re^M-esent the sun, E the earth, and ACFH the or- 
bit of the moon, in which it revolves from west tc east, according to 
the order of the letters. When the moon is at A, it is in conjw":- 
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therefore of the moon can be seen, unleu at that time it haj^ns to 
pus over the son's disc ; — this phase is called tiew moon, and it ts said 
to be in syzigt/. When the moon is at B, or 45° from the son, it k 
said to be in its fi'sl octant; in this casej^nrt of the moon's enlightened 
disc is towards the earth, and it appears, in the form of a crescent, u 
, represented at L ; the cm^e bounding the enlightened and dark parts 
of the moon, or terminator, being an ellipse. When the moon is at 
the point C, where the angle of el(»igation is 90°, it is said to be in 
quaarature, and the terminator b nosr apparently a straight line ; one 
fialf, therefore, of the moon's enlightened disc is seen &om the earth, 
as represented at M : when at D, the moon is in tts second octant, and as 
much is now visible as was invisible when it was at B ; and since more 
than Iiatfits disc is visible, as seen from the earth, the moon is, there- 
(an, said to he gilibotis : and when the moon is at F, it is In oppotitwn, 
and appears to be completely illuminated ; and is now, as well as when 
in conjunction, said to be in sy^igy. The moon having passed the oppo- 
sition, and come to G the third octant, is again gibbous, as represent- 
ed by the phase O : when at H, the moon is agam in oiiadraturt, and 
appears half full, as at P ; and havinr come to I, the Jourth octant, it 
appears like a crescent, as at Q i and lastly, when to A, it is in con- 
junction,and the dark side being opposite to the earth, the moon, there- 
fore, becomes invisible. 

During the time the moon is moving from A to C, tt is said to be in 
the first quarter, &om C to F In the second, from F to H in the tlard, 
and from H to A in the/inirth quarter j when the moon is at A, it 
comes to the meridian at noon> and when at F, at midnight ; therefore, 
iriule the moon is in the part ACF of its orbit, it comes to the meri- 
dian between noon and midnight, and the western part of the moon's 
disc is enlightened. During the time the moon is describing the other 
part of its orbit FHA, it comes to the meridian between mi&ight and 
noon, and the eastern part of its disc is visible ; when the moon is in 
the first and fourth quarters, it appears in fonn of a crescent, and 
when in the second and third quarter?, it is gibbous. 

Some days before and after new moon, besides the crescent, there- 
maining part of its disc is faintly seen ; the reason of this will evidently 
appear, by considering, that when the moon is in those parts of its 
orbit, the enlightened side of the earth is opposed to the moon i and 
since the quantity of light reflected by each body is supposed propor- 
tional to the squares oftheir diameters, therefore, as the earth is much 
greater than the moon, the quantity of light reflected by the earth to 
the moon is so considerable, as to render Uie dark part visible. 

The interval of time between two successive new or fiill moons is cal- 
led a synodic period, or usually a lunation, and is completed in 29d. 
12h.44'S".8i arevolution of the moon, with respect to the fixed 
stars, is completed in 27d. 7h. 43' 1 l".B ; and with respect to the 
vernal equinox, in '^7d. 7h. 43' i".6; the anomalistic rerohitkm of 
the moon is performed in 3^d, l3h. IS' S3''.9 ; and with reject to 
the node, in 27d. 5h. 5' 35 .6 ; and since the same side of the moon 
is always turned towards the earth, it, therefore, turns round its axis. 
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In the same time that k campleta a revt^utiooi with respect to the 
£zed stars. 

From the foregom? illiutration of the moon's phases it will appear, 
that if its orbit coincided with the ecliptic, it would pau directly be- 
tween the Earth and the Sun at every new moon, and being an opaque 
body, would intercept part of the sun's disc, and hence cause an eclipse 
pf the sun} and at the time ofopposition> the moon would pass tfarou^ 
'the shadow of the earth, and, tb^fore, the direct rays of the sun being 
intercepted by the earth, an edipse of the moon would lake placet 

But because the moon's orbit makes an angle with the ecliptic, of 
about 5° 8' 49", these circles, thoefore, intersect each Other in two 
opponte points called Nodes, and the common intersection of the plane 
of these circles is called the Line of the Nodes ; and if this line were al- 
ways coincident with the syzi^al line, the mo(»i wotdd be eclipsed at 
every opposition, and the sun at every new moon j but the mean mo- 
tion of the nodes is about'19° 19' 43" yearly, in a retrograde direction. 

It hence obviously follows, that an eclipse cannot happen, but when 
the moon is within certain limits of the node, which distance, in ahmar 
eclipse, is determinable by the inchnation of the moon's orbkto^e 
ecliptic, and the sum of the semidiameters of the moon, and that sec- 
tion of the earth's shadow through which the moon passes ; and if at 
the time of opposition, the moon's latitude is less than the difference 
betwem its semidiameter and that of the shadow, the moon will be 
totally eclipsed with continuance *, and the less the latitude <^ the 
moon, the longer is the duration oif the eclipse. If the moon's latitude 
be equal to the above difference, tlie eclipse will be total without con- 
tinuance ; if greater than the above difference, but less than their sum, 
the eclipse will be partial ; and if it is equal to, cr exceeds that sum, no 
eclipse can happen at that time. The limit within which a solar eclipse 
cm happen, is mlerred from the inclination of the moon's orbit, and 
the sum of the moon's horizontal parallax, and the semidiameters of 
the sun and moon -, and, therefore, if the moon's latitude exceds this 
last sum, no part of the earth can be eclipsed ; but if less, the eclipse 
may be total orannularat one place, -partial at a second, and atatturd 
no part of the sun may be obscured. A total eclipse of the sun is 
when, at the time of the greatest obscuration, the Sun is completely 
hid by the Moon ^ an annular, when the Sun ia observed to appear 
l^e a luminous ring round the Moon ; and a partial eclipse, when 
part of the Sun is obscured. 

There cannot be more than feum, nor less than two eclipses in a 
year: and in 18 yean there are commonly 70 eclipses, of which 41 are 
of the sun, and 89 of the mo<m. 

Because the mean motion of the lunar nodes is about 19^ 19* 43" 
yeartjr, a revolution is comjdeted in about 1 8 years Se4 days; and if in 
that time an exact ntimber of hmuions were contained, there wonld 
be a regular return of the same eclipse at the end of every period of th« 
oodec; but this is by no means the case— however, fai I8y, lid. 7h. 
42' 31", leap year being four times contwned j bwt if five times, then 
tulSy. lOd. Th. W 31 , the node, liter bnnginconjunction with the 
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Sua and Moon, returns so near to the conjonction as to be only 2S' 
IS" distant therefrom j hence, if to the mean time of any eclque, 
ISf. lid. 7h. 42' 31", or ISy. lOd. 7b. 42' SI", be added, ac- 
cording as there are four or five leap years in the period, thesum will 
be the mean time of an eclipse nearly. The period of 521 Julian 
yean, Sh. 5', ii more accurate; and that of 2362 years, 16d. 5h. 5','a 
. still more exact. 

Of the Lunar Irrfgolarities. 

The Lunar Irregularities, previous to the time of Sir Isaac Newton, 
exercised the skill of the most eminent astronomers ; but that celebrat- 
ed mathematician having a[^ied his admirable principle of universal 
gravitation to the moon, has left a theory of the lunar motions which, 
ID its present improved state, is sulHcieDt to ascertain the moon's longi- 
tude within less than half a minute of a degree. An explanation of 
these irregularities does not come directly within the present plan, but 
perhaps may be treated of in a following work. We shall, however, 
m this place, briefly mention a few of the principal equations. 

TheOTbit oftheMoonis a variable ellipse, having the Earth in one 
of its foci. Hence the elliptic equation, answering to any given mean 
anomaly, is variable ; this equation is divided into two parts, the one 
called the Equation of the Center, and the other the Evectio«. The 
mean elliptic cqnation, when greatest, amounts to 6° 18' 32", and the 
quantity of the greatest mean evection is 1° 20' 28". 

The true longitude of the moon is found to precede the mean, while, 
the moon is moving from the syzigjf to the quadrature, and to be be- 
hind it, from the quadrature to the following syzigy. Hence arises an 
equation, depending upon the mcKHi's distance from the syzigy, called 
the riiriitiuii. The greatest mean variation is 86' 59". 8. 

When tlie earth is m aphehon, the motion bf the moon is found to 
be accelerated, and retarded when in perihelion. The equation for 
correcting this irregularity is called the Annual Equatioa, which, when 
greatest, amounts to ir9", and whose argument is, therefore, the sun's 
mean anomaly. The time of the revolution of the moon with respect 
to its apogee, and also to its node, being longer when the earth is in 
aphelion, than when it is in perihelion, Newton, therefore, added 
two other annual equations, each of these, as welt as the former, be- 
ing proportional to the elhptic equation of the earth's orbit, as they 
depend on the distance of the earth from the sunj Newton made the 
£rst of these equations, or thttofthe Moon's mean anomaly, to be 30', 
and the second, 9' SO." In Mayer's Tables, immoved by Mason, 
these arc 21' 42", or the annual equation of the Moon's node, and 9' 
12", respectively. 

Several other equations are also necessary, in order to compute the 
moon's longitude to any tolerable degree of exactness; some of which 
strtt to correct irregularities to which moit of the former are liable, 
on acconnt of the clunge of distance of the sun and moon from the 
earth, thrir relative posttions, &c , 

The lunar oodei move in a very irregular manner, being stationary 

■wbiax 
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vhen the moon is in quadrature, or withont latitucie; but in other 
cases, their motion is retrog^nde. The nodes complete a revolution in 
ISyears; 223d. 7h. 13' 18". 

The motion of the moon's apsides is irregular, being direct when 
the moon is in the syzigies, and retrograde when in the quadratures. 
The direct motion is quickest when the line of the apsides coincides 
with the syzigies, tod the retrograde motion is quickesti when the 
above line coincides with the quadratures; however, the direct motion 
exceeds the retrograde, and a revolution of the tine of the apsides, ac- 
cording to the order of the signs of the ecliptic, is completed in 8r. 
3I2d. iih. 11'39". 

The inclination of tha moon's orbit is also variable ; it is greatest 
when the line of the nodes coincides with that of the quadratures, and 
least, when that line coincides with the syzigies. 

The time of the moon's revolution is uso found to be subject to a 
periodical inequality, c^ed tlie Secular Equation, which arises from 
the Sun's action on the Moon, combined vnth the variation of the ex- 
centricity of the Earth's orbit ; the Moon's motion is accelerated, as 
this excentricity diminishes. 

According to M. de la Place, the secular equation of the moon is 
= ll''.lS5i +0''0439S3jwherein( represents the number of centuries 
el»)sed since 1700, and the sign is to be changed if the given time ii 
before l700. According to M. de Lambre's comparison of modem 
observations, the mean secular motion of the moon, as given by M: 
Mayer, is too great by 25". In Mayer's last Tables, the secular equsk- 
tion of the moon b 9 " ; therefore, the mean motion of these tables 
should be corrected bya quantity equal to - ^5"i +2. 1 3fii'+ 0.04398(8. 
The nodes and apojree are also subject to a secular equation. It hence 
evidently appears, that the computation of the moon's place &om tables 
is very tedieus ; and hence also spears the value of the Nautical Al- 
manac, published atmually by order of the Commissioners of Lonei- 
tude, under the Inspection of the Astronomer Royal, wtuch contains 
every article relating to the Moon, that may be of service either to the 
praftical astronomer or navigator. The Moon's longitude and latitude 
are given at noon and midnight, in page v. of the month ; its age and 
pass^e over the meridian, and right ascension and declination at noon 
and midnight, are contained in page vi. of the month ; its semidiame- 
ter and horizontal parallax, at noon and miduight, in page vii. ; and its 
distance from the sun and proper stars, at every third hour, by the me- 
ridian of Greenwich, are contained in pages viii. ix. x, xi. of the 
month. The Connaissance des Terns is ^so a valuable publication. 

0/ the Horizontal Moon. 

That the moon is imagined to appear much latter when in or near 
the horizon, than when at any considerable degree of elevation, is an 
observation familiar to every person : whereas, the semidiameter of 

the 
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the moon really subtends 2 less angle in tbe first cise> than in the 
second} by the quantity of the augmentation.* 

Ta account for this seeming paradox, has exercised the skill of many 
fininjn^ utTonomers and philosophers, who have given various solu- 
ticHU for that purpose- These, however, we may probably have ocea- 
non to mention in another work—and, therefore, we shall confine our* 
selves to that solution which is now geoerally received. For this pur- 
poifl, it wiil be necessary to premise the following lenunata. 

I. 

The nearer that any object is to the eye of an observer, it will ap- 
pear under a greater an^e. 

U. 

Let th&t be two ot^ects c^the same magnitude, and placed at equal 
distances from an observer; but from some illusion, one of them is ima- 
gined to be mcn-e distant than the other ; then, that object which b 
jodced to be at the greatest distance, will be considered as the largest 
oftnetwo. 

m. 

Tht expante, or finnament, fitnn whatever cause, whether from 
the appearance of clouds in tlw atmosfJiere, these towards the zenith 
I m^aex than those near tbe horizon ; fix>m the aiqiearance of a 
ber of interpoted objects between the observer and die most distant . 
part) of the horizon } the greater quantity of vapours near the hori2ont 
vhkh reader object* fainter than when elevated, or otherwise ; is ima^ 
fined to be a snyiU portion of a spherical surface, f the nearest point be- 
ing the zenith, and the most distant the horizon. 

Now, since the heavenly bo<Ues are, to imagination, disposed on the 
surface of this circular or vaulted arch ; and since, therefore, an o1:ject 
is judged to be more distant when in or near the horizon, than it if 
when at any considerable degree of elevation j it hence follows, that of 
two objects of the same magnitude, and at equal distances from an 
observer, that which is apparently farthest ^stant will, to imagination, 
be the largest of the two. Now, let one of these objects be near the 
horizon, and the other near the zenith ; then, in consequence of the 
vaulted appearance of the sky, the former will be imaged to be more 
distant than the latter. Hence, when the moon is in the horizon, b^ 
ii^ then supposed to be more distant from the observer than when in 

• TheaogmenUlioniiContiined in Table xxxi. 

t P. Aiclcpl, IB hil Ireitiie Dt Apparmte O^'cclorum Diitantia el Itasnituimi, ftc. 
printed It Rome in i7flO, altiibutes the »pparent nugnitude of the horiionul roo™ to 
tbc^pparenl figure of the ikjr, uid not lo « Mrics of inUipo9ed objects, u adopted bf M. 
de la Lande, in hii Aitranomie, vol. ii. page aoa. There ii a gcomeirital coniirucdon of 
thii vaulted appoiance of the iky, with the method of computation, given in Robint' 
MlhtmMticai TVaiM, vol. ii, p 94»i in whtch irork, th<> subject ig tmled very 
fiillv. Euler, in hil Leilcn la ■ Gtrmon Aiaceu, toI. ii. p. 4B4, accounli for tbe flat- 
tened form oif the siiy, to ariie from obj ecu appearing leis brilliant wbtn in the horizon, 
(hin uany tonsideiable elevuion. 

any 
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any otlier position, that objact will, tiierefore, be judged tote largest i 
and, to imagination, wilt contiauitlly decrease in magnitude until it has 
attained the meridian, when it .will be ^upix>sed to be least. How- 
ever, that the n.oon is not larger when in the horizon, than when iii 
the meridian) may be inferredfrom the following simple experiment * : 
Roll up a sheet of pnper in form of,a tube, ,cif such a Hizc, thatthe 
moon when in the horizon may appear- to till it exactly; tlieii observe 
the moon wJiwi in the meridian, or atany consider.iiile degree of ele- 
vation,>and, in place of appeving less, will, when viewed tlu-oughtlie ' 
same tubet appt;ar a little greater, in consequence of being nesrcr to 
the observer. 

It isuponat^oqtitofthis vaulted appe^Rnce of the skvt that reckon- 
mg, by estirnatiap, any small number of degrees from the zenith to- 
wards ihtt horizon, ai)d the same number from the horizon to .vsrds the 
aenith, tlie former will actually be a greater ardi than the latter. Also, 
the distance between any two stars, when observed near the horizon, 
is imagined to be. much greater tJian the saipt distance when the stars 
are near the zcuith This will appear evident by observing the stars 
Castor and Pollux, when in or near these two situations. 

-That the ahiiude of au object ia apparently greater than the truth, 
may be.fdmid by first estimating the altitude of that object, and then 
ascertaining its ttuc alti|uu<;} by observation. In this nr.anneri Dr. 
Smith found the tru? altitude of an oltj^ci to be only ilrf', which, 
according to estimation,. appeared to be i^'-, and hence, be inferred 
the horizontal di&tance ot the spheric.".! segment to be three or four 
times greater than the vertical distance : ifd supjiosin^ the di.Tmeter 
of the moon to be divided into 100 etpial pari;, wlien m the horizon, 
be infers, tliat the diameter ai ither altitudes will be imagined to con- 
tain less of these parts, as follows : 

Let at alt. 0°, the moon's diameter be divitled into 1 00 equal parts ( 

Then at alt. 15° the diameterwill be imagined to be Gb of these parts 

80 — — ■ — . 50- 
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According to Mr. Robins, the horiiontnl distance will never be less 
tlan four times the perpendicular distance) when i5° by estimation 
measure only 20° ; but if the altitude be 28°j ic^K'ill be. little more tb^ 
two and b kilf. ~' - 

Of the Habvest Mooh. 

In these northern latitudes, towards the tiniQ o£ the autumnal equi' 
nox, from two to three days before, till as long after the time of fiili 
mocm, the retardation, or difference bet*een the times of tha rising .of 
the moon, iti that inttrval, is only ahosC tiffo hours ; wbereks, at the 

* Tni^usoD's Astrononiy, p. «ft..— M.deh LtiKlO Aittonomit, ml )i- p- Wl. 
' VOL. r. e opposite 
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(^posite titfte of the year, and in an equal interval, this difference in 
the time of rising will amount to seven or ei^t hours. Hence, sioM 
the time of harvest is towards the autumnal ecjuinox, this phenofnenML 
has obtained the name of the Harvest Moon, 

In order to understand the reason of this phenomenon, It may be 
observed, or rather shown, by a common giobe, that equal portions of 
the ecliptic rise in unequal portions of time, and this difference increaMS 
with the latitude. Thus, that portion of the ecliptic, havmgtbebe- 
ginning of Aries in its middle, rises in a much less interval of time, 
than an equ^ portion of the ecliptic in the middle of nhich is th« 
first of Libra. 

At the time of harvest, the moon, when fiill, is in Pisces or Aries } 
and, therefore, since any portion of the ecliptic, as the arch described 
by the moon in a day, will rise in a much shorter interval of time, than 
an equal portion of the opp(»ite part of the ecliptic ; at the time of 
the autumnal equinox, therefore, the retardation or difference between 
the times of the rising of the moon, on two successive evenings, when 
near the opposition, will be less than at any other time of the year. 

If the nioon's orbit coincided with the ecliptic, and that orint at the 
lame time invariable in form and position, the interval in the time of 
rising in two successive nights, under the same circumstances, would 
take place every year. But the case is otherwiK; fen* the moon's orbit 
is inclined to the ecliptic in an angle of about S° 8' 49" ; and, there- 
fore, the interval of time in the rising of the moon, on two stKcessive 
nights, will vary according to the position oFthe moon's nodes at that 
time ; that interval being least when the moon's ascending node is in 
Aries, and greatest when in Libra : it is hence obvious, that the har- 
vest moons are more or less beneficial, according to the position of tht 
moon's nodes. And since a revolution of the nodes is completed in 
about 19 years, in that intervd, therefore, a period of the most and 
least beneficial harvest moons will be completed. 

In the following table • are contained the years, in which the har- 
vest moons are most and least beneficial to the inhabitants of the nor* 
ihem hemisphere. 

Harvest Moohs most henejtcial in the Years 

17P8 1799 1800 1901 1603 1803 1804 1803 }806 

I&iS 1817 1818 1819 1S20 1821 1822 1S23 1624 162S' 

1835 1836 1837 1838 I8S9 l840 1841 1843 1843 

1853 18J4 1855 1856 1857 1858 1859 I860 I86I 18@1 . 

HiRTEST MooHS leost lenejmal m tkt Years 

1B07 1808 I8O9 1810 1811 1812 1819 1814 181$ 

1826 1827 1828 1829 1^0 1S31 1832 1833 1S34 

1844 1845 1846 1847 1848 1849 1850 1851 1853 

186a 1864 1865 1866 1867 I868 1869 l*7*i ^^1* 



* r«Catm'>AMn>iigKir, Bioau. 



D.s.tracbyGoOglC ^ 



t " ] 

The f3ien6inau«f the hx-vtat moon may also be easHr npluDcd, 
from thesiniple conuderationofthe change c^ the moon's decUnation. 
The change of dechnatjon of the moon, a$ well as of every celes- 
tial object, is greatest when it U in the equinoctial. If, there* 
fore, the moon be in or near the equinoctial, and tmding towards the - 
elevated po|e, that object would, endendy, ri^e sooner on the follow- 
ing night, it being supposed to pass the meridian at the same hour and 
minute on botli days, in like manner as the sun. But, because the 
moon is about 50 minutes later in passing the mp'idian each day, there- 
fore, what is gained in the time of rising by the change of declination, 
is i^MM-e than compensated by the diurnal retardation of the raoon.— 
Now, although this takes place in every lunation, yet it only happens 
at that fail moon which is towards the end of September, and there- 
fore, about the time of harvest, and hence its name. The foHowing 
full moon is tutially denominated by the name of the Uuntars' Moon. 

The figure of the moon is a spheroid, the longest diameter being 
directed to the earth ; * and hence, the same side of the moon is al- 
ways (^>posed to the earth. 

That the moon has an atmosphere was affirmed br many astrono- 
mers, and is now very satisfactorily proved by M. Schroet^ . f I he 
mount^s in the moons are visible to the naked eye ; volcanoes also 
have been lately discovered ; and that the moon is inhabited, was as< 
serted by Anaxagwas about 2300 years ago. 

The mean horizontal parallax of the moon is ST 39" ; hence its 
mean distance from the earth is about '2S6O0O Englisli miles. % 

The ratio of the semidiameter of the moon to its horizontal pa- 
rallax, according to M. de la Lande, is as 16' 23".3 ; 60'; or in 
round numbers, nearly as 3 ; 11. Hence, the earth appears thirteen 
times largo- to themoonthan the object does to the earth; andTience, 
the reason of the faint light in the dark part ofthe moon soon after the 
conjunction, which light is, by the French, called the Lumitre Cen- 
dree. Thequantity of the moon's visible surface, at any given time, 
is equal to half the area of the moon's disc, mtiltiplied by the vcri-ed sine 
of the elongation at that time. From the above ratio also, the mapni- . 
tude of the moon is a 49th part of that of the earth, and quantity of 
matter a 66th part. A heavy body, at the surface of the moon, will 
611 three feet during the first second ; and the length of a pendulum 
vibrating seconds will be 7| inches; and the proportion of moon- 
li|^t to^ day-light as 1 to 96000. 

The right ascension and declination of a [>lanet, are deduced from 
observations of its zenith dtsCance, and the time of its transit over the 
meridian ; from which, and the obliquity of the ecliptic, the longitude 
and latitude of the planet are found by computation. But the loii<;itiule 
and latitudeof a planet are found directly by astronomical t;tb!es,for any 

■ Nnrton'* Prineipia, |j»(!e*ai. flmst. 1T1«, 0**ol. iii. jugeS*? ; Gcbct*. IfM. 

JPhiloiophicBl Tianwciiona, ijn- 
TheiemidiuncteiDribeciirth ii;io»ej English miln — <cepage7, hence Ihe dijia nee 
=^9*SiX*O-MauUil'aB'' = 330O77 mile*. 
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given time; with which, therefore, and the obU<ti]ity of the ecliptic^ 
the right ascension and declination of the planet are to be found by 
computation. The tnm faUoving problenu, communicated to the 
Author by Dr. Maskelynei without their demonttratioos, will be ibund 
very useful for the above purpose. 

. PROBLEM I. 

Given (AR) the right ascension, declination, and (O) the obliquity of 
the ecliptic, to find the longitude and latitude, true to the nearest 
second by Taylor's LogaritlunSjOr to the nearest 10" by Gardiner's 
Logarithms, or to the nearest minute by Sherwin's or Hutton'i 
IjOgaritiuns, withAut proportioning. 
Tan. dec. — S. AR =, tan. A, north or south, as declination b. 
Call O in first six.signs of AR, south ; in Jast six signs, north. 
A + O = B. 

A, less than *5° co. ar. co». A + cos. B + tan. AR ? _ 

A, more than 45°. tan. A + Co. ar. sine A + cos. B + tan. AR 5 ~~ 
tan. long, of the same kind as AR, unless B be more than 90^j 
when tlie quantity found of the same kind as AB, must be taken 
from twelve signs. 
Long, never in.andiz.signsithano. and ri.sigiu, sine long. -|- -, 

tangent of B. 
Long. nearero.atidvi. signs, thani II. and IX. signs, ti 
sine long. + tangent of B. 

tangent of the latitude of same name as B. 

EXAUPLE. 

Let theMoon'sri^ht ascen.be 93° 58', declin. 28° 27' N. and obliqui- 
ty of the ecliptic 23° 28'. Required its longitude ajid latitude ? 
Dec 28° 27'n. tang. 9.73^9601 
R.A.93 58 - sine - 9.9989584 tang. 11.1590023 






A. - 28 
O. E. 23 


30 27''n. tan. 9.7349017ar.co-3. 0.0S6132* 
28 s. 


Lou. 93 


2 2Tn. - - co-sine - 9.9983170 tan. 8.945S023 
30 2 - . tangent - 11.21345)7sme 9.9991889 


Ut. 5 


1 53n. - . tangent - - 8.9446912 
PROBLEM IL 



Given the long, and lat. of a fixed star or planet, and (O) the obliquity 

of the ecliptic, to find the right ascension and declination. 
Tan. lat. — sine long. = tan. A, north or south, as the latitude it. 
Call O north in six first signs, and south in six last signs. 
A + = B. 

A.lesi 
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A, less than 45°, co. ar. cos, A + cos. B + tang, longitude. ? _ 

A, more than 1i5°, tan. A 4- co. or. sine A + cos. B + tan. long. 5 
tan. right ascension of the same kind as longitude> unless B be more 
than go°, when the quantity' found of same Idnd as l(Higitude 
must be subtracted trom twelve signs. 
AR nearer iii and ix signs than o and vi ugm, sine AR + tan. B. 7 _ 
AR nearer o & visigns thaniii&ixsigns,tan. AR-f-cos.AR+tan- B 5 ~ 
tanmnt of declination of same title as B, true to the nearest second 
by Taylor's IiOgarithms, to near^ 10" by Gardiner's Logarithms, 
or to nearest minute bySherwin's or Huttoo's Logarichms, without 
proportioning. 

CxAMPtE. 

Let the Moon's long. be?'. 14° 26 Si", and lat. 4°0'34''N. and the 
' obliquity of the ed^c SS'^ '27' 48". Required the ri^ ascHiuon 
, and dedinatiMi f 
Ltt. > 4" C M"tan. 8.S456713 
Lon. S24 36 si sine 9.8451920 - tan. • 9.9914974 



A = 6 4,S O.Ttaa. 9.0004793 ar.co.CQS. a00216A4 
O s 23 87 «S. S. 



B = 17 44 47J.S. — co-s. — 9.9788260tfln. 9.504 1970 



RA..S23 11 11.2 — tan. ~ 9.9724888sine 9- 835*940 



DecL 12 SI 14.6JS. -- — tai^cm — — _ 9.3404910 

. Remarks. 

The latitt)de and longitude of the moon, or a star, may be foun<l 
by the following formulx : 
Co-T. s. Lat. = V. s. R . Ascep. from y X s. co-decl. X s. ob. eel. 

+ T. B. co-deel. « ob. eel. 
Co-s. Longitude fnxn y, or ^ = 

aecant U^ X co^. decl. x co-s. R. Ascen. from 'y', or ii. 

ii. 

The right ascension and declination may be found by the 
following formula : 
Co-v. s. Decl. = V. s. long, fr om m X s. co. lat. X s. obliq. of th; 

ecliptic + V. s. CO. lat. « qh. ecliptic 
Co-S. Right Ascension from y, or ii, — 

secant decl, X co-s. lat. X co-s. long, from Y", or ii. 
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CHAP. VI. 
Of Comets. 



V.jOMETS* are'bodies belonging to tlie solar s^tem, revolving about 
the Sun in tery ezcentric orbits, and are only visible when near their 
perihelion. 

As the orbits of Comets are ellipttcal, in one of wfaote foci is the 
Sun i they are, therefore, subject to the same laws as a pluiet ) tLaC is* 
they describe equal areas, in equal times, and the squares of their 
penodic times, are als the cubes of their mean distances, &c. As few 
Comets have been observed to have any diiuiud parallax, they must, 
therefore,be more distant from the Earth than the Moon ; but in coo- 
sequence of an annual parallax, they descend within the orbits of some 
of the planets ; and, similar to then, receive their lig^U from^the Sun. 
The motion of Comets is either direct, or retrograd:. 

From observation it is ascertained, that a Comet consuls of a solid 
body, called the NucUtiSj or Head^ and an otTnospAert f ftota the 
form of which, different names have been given to tncse bodies ; such 
as hairy, when the atmosfdiere is equally diffused round the m^ 
cleus ; and those with a train, or tail, whidi is nearlv in a direction 
opposite to the Sun ; and a Comet is said to be lailea, or btatded, ac 
cording as it is approaching to, or receding &om the Sun : in the first 
case, the train follows, and in the latter it precedes the Comet. In 
Britain, some Comets have been observed without any appearance of 
an atmosphere, or tail, at the same time, that in cotmtnes more &- 
vourable for observation, a c(»na or tail has been visible. From these 
phenomena, combined with its motion, a comet is easily distinguished 
from a fixed star. 

The tail of a Comet has commonly a small degree of cio-vatttre, q£ 
which Aat in the end of 1807 is a recent instance, and the convex 
side is more distract, or better defined than the concave \ the tail is so 
extremely thin, that the fixed stars may be seen through it, in the 
same manner as.through the Aurora Borealis, and, tlierefo^, has a 
strong resemblance to that phenomenon, and also to the eledric fluid ; 
and Dr. Hugh Hamilton of Dublin observes, that a spectator, at a dis- 
tance from the earth, would see the Aurora Borealis m the form of a 
tail opposite to the Sun, as the tatl of a Comet lies. The tail of a Co- 
met is observed to be larger after it has passed its perihelion, than it 

• The Moid Comttu denied fiom K^<ii(, Comcm fton K^*, Cania ■ heul of 
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wn when the Comet vas des^oiding towards the Sun, The tails of 
stme Comets faxTebe«i observed to be of a very considerable length; 
the tail ofthe Comet of 1618 ^pearedunder an angle c^l04'°t tluitof 
laSOtsabtendedanaii^of 70°; and, according to Mr. Mackuirin, 
the tail extended from the head to a distance scarcely inferior to th* 
rat distance of the Sun from the earth. 

Dh*. Hallcy was the £rst who predicted the return of a Comet. 
By comparing Ae elemeots (^ the ortets of the Comets of 1456, 15SI» 
1607, and 1662, he supposed them, to be the same Comet, and that it 
would retoni about the end of the year 1758, or the beginning of 
1759, which prediction was accordingly ya4fied. 

Hie aumber of Comets belonging to the solar system is very uncer' 
tain. Ricdoli enumerated 154 previous to the year 1618. Lubie- 
luetaki states the number to be 415 in the year 1665; and sotne late 
writers have increased the nimiber to upwards of 700. 

In order to calculate the place of a Comet, the elements of its or- 
bit must be previously ascertained ; tltese are) the time when the Co- 
met was i> its perihelion, the place of its periheli<», the periheti<xi dis- 
tance the place of its ascending node, and the inclination of its orbit 
to the ecliptic. From these data the place of a Comet may be easily 
found by tables computed expressly for that purpose ; as those by Dr. 
Halloff M. Bockhart lie Sarim, M. du Sijoiir, M. deLamlire. * 

Mr. Whiston supposed that the deluge was occasioned by the tail 
«f tbeCometof t680initsdescenttowardstheSun; and he also sug- 
gested that the general coi^gration will arise from the tail of the 
same Comet in its. ascent from the the Sun, 1'he interval between 
two succeaiive periods is supposed to be lii,000 years, if the periodic 
time of the above-meiuioned Comet is 575 years, there will be SI 
revohuions in 19,075 years. 

Dr. Nalley observes, that iathe late descent of the C<Hnet of 1680^ 
its true path left the ortuts of Saturn and Jupiter below itself a little to- 
wards the sooth : it approached much nearer to the paths of fenus and 
Mercury, and much nearer stiU to that of Atart. But as it was pasdng 
thro' the ^ane of the ecliptic, viz- to the southern node, it came so near 
the path of the Earth, that had it ccxne towards the Sun S 1 days later 
than it did, it had scarce left our globe one semidiameter of the Sifit 
towards the north ; and, witlujut doubt, by its centripetal fori:e (which, 
mth the great Newton, I suppose proportional to the bulk, or quan- 
ijty of matter in the Comet), it would have produced some change in 
in the utuation and species of the Earth's orbit, and in the len^h of 
tfie year. But may the great good God avert a shock or contact of 
sadi great bodies moving with such ferces (which, however, is by no 
means impoesible), lest this most beautiftil order of things be entirely 
destroyed, and reduced into its ancient chaos : and Mr. Maclaurin, 
spnking<^ the same Comet, says; "it is not to be doubted but that, 
while so many Comets pass among the orbits of the planets, and cany 
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such immense tails with thoni) ve should bafve heai callect by very u&- 
traordinary consequences, to attend these bodies long ago, if their mo- 
tions in the universe had not been at first designed a^ produced br 
a Being of sufficient skiil to foresee their distant consequences." Jw. 
du Sejour observes, that it is very improper to instill terror into the 
mihdsofmen without any just reason. The Comet of 1770 a[^)roached 
nearer to the earth than any hitherto observed, and produced no 
sensible efiect either ttpon the motion of the Earth, or upon its in- 
habitants. 

Dr. Hailejj mentions, in his Synopsis of Comets, Rioted in 1705, 
and also in his Astronomical Tables, that as it is m<H« than probable, 
that the rest of die Comets described in his Catalo^e, will return 
after having finished their periods, whence their periodic times being 

fiven, the axes, and from thence the b pecies of thor ell^ic orbits wiU 
e also given ; in order, therefore, to render the tediousness of thess 
operose calculations as easy as possible to future astronomers, he cal- 
cnlated a general table of the motions of Comets, according to the 
parabolic hypothesis, wherein are contained the double areas of the 
segments, the logarithms of the right and versed sinee, with their dif- 
ferences, and the vened sines themselves to every fifth part of the 
dei^ees of theexcentric anomaly. 

The reason of taking notice of Comets, is that of corresponding ob- 
servations which may be made on them at different places, their 
relative situation in longitude may be accurately detcfrnined, if 
their velocity is considerable, which has been the case- with iaaayi 
The Comet of H7^, observed by Regiomontanus, described an arcU 
of 40° in one day, in the circum-polar parts of the north«n. hemi- 
sphere;* the remarkableComet that appeared in 1664< and )6G5, moved 
over a space of'^0° in one day, and described almost six signs bsitiFe 
it disappeared ; and the motion of the Comet, in longitode, of 1760, 
from the 7th to the 8th of January, was 41°^. See upon this sub- 
ject Sir Isaac Ncjvlon's Principia ; Maafiertuii' Essayi an Conuiis ; 
M. de la Lruid^'s AstTontmiiet tome iii. p. S31; I'roite Analyiiqne 
des Muuvemtns Apparens des- Corps Celestes, par M. Dianis da 
Sejoiir, tome ii. />. 416 ; Sir Henry kn^efield, Bart. M, Pinjgre, fee 

' SiccioK Almaf^c. 
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An jfccomU vf titt Irutmments for observing jiilitudes and angular 
Distances at Sea, and uf the CorTBcliims to be applied to Obser- 
vaiiotu made with ibosc Tnstrametits. 



CHAP. I. 
Of Hadlst's Q.uADRANr. 



X HE first account we have of an instrument for measuring anglet 
by reflection, is in Sprat's History of the Royal Society, page 2*6; 
which is as follows : " A new instrument for taking angles by reflec- 
tion, by which means the eye at the same time sees the two objects* 
both as touching in the same point) though distant almost a semicir- 
cle ; which is m great use for making exact observations at sea." 
. The ihTentorof this instrument is supposed to be Dr. Hook. Other 
instruments of a similar nature were invented by Sir Isaac Newton, 
Dr. HaUevj and Mr. Street.* We are, however, indebted to Jdm 
' Hadley, uq> fbr the first account of this admirable instrument, which 
he communicated to the Royal Society, May IS, 1731. This ac- 
count was published in the Transactions of that Society, No. 420. 
In the same papa- he describes another instnunent, having a third 
speculum, »id the positions of the specula and telescope altered, 
whose use Is to obsore the Sun's altitude b^ means of the t^iposit« 
part of the horizon. An instrument of a smiilar kind was inventMl 
by Mr. God&ey of Pennsrlvania ; and Mr. Logan, Chief Justice <^ 
that |n«vince, transmitted a description of it to England, before or 
about the time Mr. Hadleys account .was published in the Philoso- 
fiuai Transactions. 

The instruments in use fbr measuring altitudes at sea, p-evious to 
the invention of Hadley** Quadrutt, were, the Cross Staff and Davis' 

• In Mr. Edwud Hutuon'i Idta LonjtttuiiTrii, piinted at I ondon in iIk ^eai I0M, 
p^ 50, be Nij'ii " Mi. SiTttfs wav," (ef finding ih« Longitude) ii uaknowo to nie, 
bM we ■oppHe bto my by the JCmiTi mmlofi alio, bjr hit egotriving an lailrunujit for 
MUnc AiiUt bf Ib/Uctwn 1 1 ban Men the InRrumeat. 

VOL. I. H Quadrant. 
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Qaadnmt. llie advantages possessed by the latter for observa- 
tions of the Sun's altitude, brought it into more general use, espe- 
cially among the British navigators. Observations, however, made 
with that instrumehr, though in the hands of a good observer, were 
found liable to error, when the sea was agitated ; and it was found 
impossible to observe the Sun's altitude, when the motion of the ship 
was very considerable. Hence, appears the superior excellence of 
Hadley's Quadrant, which is designed to be of use, where the mo- 
tion of the observer, or any circumstaiKe occasioning an unsteadi- 
ness in the ccnnmon instnunents, render the observations difficult or 
nncertaio. 

The form rf this instniment, according to the present mode of con- 
structioQ) is an octagonal sector of a arcle, ant^ therefore, the arch 
contains 45° ; but because of the double reflection, the limb is divided 
into 90° ; and, therefore, this instrument is usually called a Qjuadrint 
—of which the following are the principal parts : 
I. An Octant, consisting of an arch or limb, connected with two 

radii. 
S. An Index, moveable round a center, and accompanied mth a di- 
viding scale, to show the observed altitude, or angular distance. 
3. A Speculum, or Index Glass, placed on the fndex in such a man- 
ner, that its plane is over the center of motion of the Index. 
i. Two Horizon Glasses, with their adjusters ; H (hg. 6.) bang the 
fore-horizon glass, and G the back-horizon glass. 

5. A set of coloured Glasses, to prevent the e^ct of the solar rays on 
the eye of the observer. 

6. Two sight Vanes. 

0/ the Octant. 

The Octant consists of two radii, a limb, and two braces, which 
last are mtended to strengthen the instrument, and prevent it &om 
waiping. The arch or limb, although only an eighth part of a circle* 
is divided into 90", on account of the double reflection. These de- 
grees are numbered from right to left, and each is commonly divided 
mto three equal parts. Hence, one of these intervals contains twenty 
minutes ; and by means of a scale at the end of the mdez, divided 
into twenty equal parts, an observation may be easily read off to the 
nearest minute. The graduation on the hmb is contmued a few de- 
grees to the rig^t of O ; this portion is usually called the arch of ex- 
et.-\s, and is foimd very convenient for several purposes. 

Of the Index. 

The Index is a flat bar, commonly made of brass, moveable round 
the center of the intrument, and broader towards the axis of motion; 
at the other end of the index, a piece of brass turns op, beUnd the 
limb, having a qiring to make the dividing scale lie dose to the lim^ 
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Ad a screw to fasten it in any position. Some quadnuitt hxn an 
adjiutine tcrtw affixed to the lower part of the index, by which 
means the index is made to move gently along the limb, widumt those 
sudden stantngs to which it is liatSe when moved by hajid, and which 
may render the observation uncertain to two or three minutes. It 
may be observed, that wheo the index is moved by band, it should 
be taken bold of by the lower part, and not by the middle, as is 
sometimes the practice. 

Tliat part of the index, which moves along the limb, has a small 
scale attached to one side of a rectangular aperture, called a Dividine 
Scale,* but most commonly a Vernier or Noiiius, from the names c3" 

the 

* Thii method of JivUion w» fini clearl]' cx|)laineil by Cliviiu, in Lemros 1 it of his 
TrcatiMon AdtrtiUbci, printed a i Mayfoccin 101 1 ; ilwutrierwird9put>li9bed br Pierre 
Vcntier, whocUimed il u hiitnm, id timall tract, iacillcd," LaConnractioii, I Unft, 
*leiPn>priel£iduQu«tnnl Nouieaude Mithemitiquc," ftc. printedu Bruueli, lesi. 
Thii method of division nay be ibui illustraled ; 

Let two equal lines or dicular irci be m divided, tbit rhe number of eqiitl dTTiuoniln 
the OIK, ii one mote than ihe number of equal divuiom in Ibe other ; thu i«, let the one be 
divided inloa. Mid the oiber into n-^-l parU, mnd let a put of Ibe fon»er be called unitjr. 

TlieD,R: liiH-t-i :-^'=:> put of the other. 




ic difiRDM of the futi. 

NowrincemcommonqatdiMt*, the Vernier isdiTided into 90 rqual parti, wbtrtof tbt 
limbcootuns eiilier ID oral, Ihembioloia Icnctbofboih being th< ttmc, it it b«ac« 
•fidCRt, that each divisioii oo the dividug acale mint aniirer to l minutej for in the pre- 
■emc»«e»rt p te itm *30,«pd,therefi)re,— ^ — oTa dintioo on the limb ; bat each diTlMa 
on Ibe limb i> oeminutca, and — of sominntciii i minoie. 

Let • degree on the limb be diTitkd into fbni equal paru, and lei the dividioK acale 
contain a ipice etjoal 10 7} depeei, or 9eof these pa:ti, but divided iniodo equal parti, 

[hen will the dividing icalc ibtnr half minutei, for — of ~ := { min. o> 30". Andlutly, 

ifaJegtce ia divided in 
part* but ii divided into 

«cakbe io"j for —of— =-^ of a minate = ii/'. 

eo a 

Thii method of diviiioD bat been nnjiwily ascribed toPetrui Noniut i fbrNoniui' me' 

diod !i veiT diflercDt ftom Venurr'i, ai majr be icen in hit Trealiie. " De Crepuwnli*," 

printed at Liibon, isai, and alto in hit Treatiae, *' De Arte itque Ratione Navigandi." 

Nonim' method contiiu in deKiibing within the ume quadiant *i concentric arches, 

.._■■■ — 1 !_uj go equal para, the neit within into no, the neit into I*, and 

mdivided into *i equal paiti only : by which meMis, in moM 
I, the pltunb liD* or index muK crou one or other or tbeie ciidea very near 
, ..It ofdiviiioa— wheoce,by compotalion, Ihcdegreeiand minutes of ihc imeioepied 
Btch aiKht be easily inferred. However, this method uf division gave way to that of 
diapmau, published by Thomas IXggi in bis Treatise, " AImku Seals Mathematical," 
prioudu LoBiloaia l»7a, wbosays it wm invented by alUchsTd Chaiueler, a famoui 
H S raathemiiical 
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the supposed ioTcntorf. It uaullr contains a space equal to 2 1 v^S 
divisions of the limb, and is divided into 20 equal pir\s i hcace, the 
diflerence between a division on the limb, and a division on the divid- 
iqg scale) is one-twentieth of a dMsion on the limb, or one mioiKei an4, 
therefore, if any diviMon on the dividing scale is in the s^nie straight 
lioe with a division on the Hmh, then no otlter division on the divid- 
ing scale can coincide with a division on the, Umb, the extreme divi- 
sions excepted. 

Sometime ago, it was usual to reckon the divisions on the Vemier 
horn. Hi middJe towards the right, and from the left towards the 
iBtddls ; and sinu this scale usually contains 20 minutes, therefore, 
the first ten minutes were contained on the right o£ the middle, line, 
and numbered 5. 1 0, and the other ten on the left, and marked 1 0. 1 5. 
However, this method of division being found inconvenient, a much 
more commodious method has been latdy introduced, wherein the di- 
viuons are numbered from right to left ; hence the degree and mi- 
nute, pointed out by the dividing scale, may be easily found thus : 

Observe what minute on the dividing scale coincides with a division 
on the limb ; then this minute being added to the degree and part of 
a degree on the limb, immediately preceding the first division, on 
the dividing scale, will be the degree and minute required. 

Thus, suppose the fourteenth minute on the dividing scale coin- 
cided with a division on the limb, and that the preceding division on 
the limb to the first on the dividing scale was 56° iff, hence the di- 
vision pointed out by the Vernier will be 56° 54'. If a magnifying 
glass be used, the coincidence of the divisions may. be. more accu- 
rately observed. 

Of the Speculum. 

The Index Glass, or Speculum, is a rectangular piece of plane 
glass, one of «4iOse planes is for the most part completely silvered. 

lie intention of this glass is to reflect the image of the observed 
object, either to the fore or back-horizon glass, and from thence to 
the eye of the observer. 

This glass is set in a brass frame, and is [Jaced perpendicular to the 
plane of the instrument, immediately over the center of motion pf 
the index, by means of two screws in a small-plate of brass, con- 
nected with the under part of the brass frame, and projecting at 
right angles from the back of that frame : one of these screws takes' 
into, and the other presses against the index. 

liie Index Glass, according to the common method of letting it in 

its frame, is often liable to be bent; and hence the dificrence between 

' the true and observed altitudes might be considerable. This source of 

emH-, however, is now removed by Mr. Dollond, w4io omtrived tba 

RuthAimiinl iMUumeiit'mikcr. Thi* mctbod of diigonale wn tppHsd to D«fi>' Qub- 
dnnu, .aid to the firat of Hidley'i ; but now, iIok the dividing tcale o( Venkr tw* 
been introduced, the diigoinl method it u liiile citeemed uiltit of NoniiuiAti the 
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frame so, that the glan lies oa three psiids, iriuch* by mow of a 
S[Hiiig and crew, prcas the glaas against oth«- three points iaiiiMdut^- 
ly Of^iositetotlie former; anil nnce the position ofa[daiie can be 
adapted to any three pointS) therefore) ^ plane of the glaa cannot 
be bent, tbon^ the prenure be conuderable. 

As every silvered glass, ahhough tU (danet be perfectly paraUd to 
each other, girea two reflectiona, one from the fore nirace of the 
glass, being the faintest, and the other from the silvered siu&c^ 
which is the brightest, it is, therefore, evident, that errors may arise 
from these double reflections ; in order to prevent which, Dr. Mas- 
ketyne proposed, that the back of the upper half of the index ^ass, 
or that farthest frotn the plane of the hutnunent, instead of being 
silvered as usual, should be ground rough, and painted black, the 
line joining the silvered and blacked parts being parallel to the ]dane 
of the instrument. — Hence, when the object to be obeerved is briji^t, 
its reflection is to be taken from this h^ of the glass, the reflection 
from the silvered part b«ng prevented by a screen set before it % but 
if the object is not sufficiently bright, the scrven may be tmted 
down, and its reflection taken from the silvered part as usual. 

Oftfie Horizon Glasses. 

There are two horiztm passes, one for the fore, and the other {or 
tha bock observation, which are, therefore, named the fore and back- 
horizon glasses. Each glass is aec in a bran frame, having an . axis 
passing ttrough the frame of the instnmieiit, prcnided with an appst- 
ratns,Dy which it is capable of reoervii^ a naall nuXion, so a$ to w 
set in a proper positioB with reelect to the index ^mk % and in the 
pedestal of each glass are two sunk screws, one on each side of the 
glass, so that by screwing up the one, and unscrewing the other, the 
vlass may be set perpendicular to the plane of the hutrument. The 
lower part of the fore-horizon glass is silvered, and the upper part is 
left transparent, through which one of the objects is to be seen direct- 
ly, the other being seen by reflection from the silvered part of the 
^ass. Both upper and lower parts of the back-^rizon glass are sil- 
vered, and in the mid£e is a transparent ^, parallel to the plane (rf 
the instrument, throngfa wUch the direct object is to be viewed. 

Of the CoLoiJKED Glasses. 

There are commonly three coloured glasses, two of which are tiiiged 
redt and the other green, by which the eye of the observer is preser- 
ved from the effects of thcaolar rays; andtheglare>oftheMDoa, in 
mght obaervations, is taken avray. Each of these passes is set in a 
separate cell, and so connected, that either one or more may b« uwd 
at the time of obeervatiaL When the'back observation is to be nwd, 
the stem of the glasses is put into another perforation between the 
horizMi ^a«es, mw ob pwpgM to seccive u. The two red glassea 
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■re aihqited to observations of the Sun; and, therefore) in order to rea- 
der them tuefiil on all occasions, the one is tinged darker than the 
other, so that either, or both, may be used acceding to the bri^t- 
ness of the Sun ; other degrees of shade may be also obtained by 
using the green glass with either of the former. The green ^as> is 
particularly useAil in observations of the Moon ; it may be alio used 
in observing the Sun's altitude, vrhen that object is very much 'ot^ 
scured. 

Of ihe Sight ViitBt. 

The Sight Vanes arc pieces of brass, standing perpendicular to the 
plane of Uie instrument. That vane which is opposite to the fore-< 
horizon glass, is called the fore.«^ vane, and the other, the badc- 
sieht vane. There are two holes in the forc-«ight vane, the lofrer of 
vrnich, and the upper edge of the silvered part of the fore-horizon 
glass, areequidistant from the plane of the instrument, and the other 
IS opposite to the middle of the transparent part of that glass. ' Tlie 
back-sight vane has only one perforation, wfajch is exactly o;^M»ite to 
the middle of the transparent slit in the horiz<>n glass to which it be- 
longs. 

Fig. 6. refuYsents the quadrant, wherein DD, CD, are the two 
radii or sides ; EC the limb ; P, Q, the t»aces { DV the index move- 
able about the center D, upon which is the index glass A ; and at the 
other extremity, the dividing scale, or vernier, V ; H is the bnrizim 
glass for the fore observation, and G that for thel»ck observation ; £ 
and F are the correspondent sight vane^ ; and I, the coloured ^iwea, 
whose stem is to be put into the hole K, when the back observation ii 
to be used. 

Adjostmbnts o/^Hadlsy's Quadrant. 

Previous to observation, the quadrant should be carefully adjusted,* 
otherwise it will be impossible to deduce acccurate conclusions from the 
observations. For this purpose, the mirrors must be set perpendicu- 
lar tothe plaoeof the instrumept, the fore-horizon glass must be set 
parallel to the speculum, and the planes of the speculum and back- 
honzon glass produced, must be perpendicular to each other when 
the index is at O. Hence the number of adjustments is five ; how- 
ever, three of these being once made, are not so liable to alterati<Mi 

• W« nuf oliKrTe, that lince Davu'i OuidraDt is not capable of adjosltnent, it ihero 
JbK becotrei neceniij to find tu ermr, which vu nnially ddomined by obKnwIoiu 
made at a place wliote ladnide had t>en prerioiuty weU uecrtainol, or bjr coiniarinB ' 
with aiutibcT ioitcuaieiit wbote erroi was known ; [bit emu wai .10 be alluwcd in all 
luccccdlng obierTslioni.made wilh the ume quadranl j and accoidiiig as (he eiror tended 
to Increue or diminish the ahip'i Donhern latitude, the quadnnl wu, therefore, uid to 
be utrlhtriy or toulhtrlg, bya qutnlil]' equal iberato. But Hadlcy'i qusdnnt ii coa- . 
•liUDled aoutobc cipkble l^r being perfectly adjiuled ; hcace,whcna penon 9an hi* . 
quadiaot li Doilherly or loutherly, it may be inferred, that he neither uridenQuim the 
principtea of the imtnimenc, nor for what purpoac it i> adjdtted. 
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as the other two, which last should be always examined before 
every observation, 

ADJDSTHBtrr I. 

Tosel ikshuiex Glass perpendicular to the Pltme of the Insfrument, 

Set the index to about 40°, and hold the quadrant so, that its 
plane may be nearly parallel to the horizon, the limb being &om the 
observer ; then look into the index glass, and observe if the portion 
of the limb seen by reflection appears in the same plane widi that 
seen directly ; if they do, the speculum is perpendicular to the plane 
of the quathrant ; if, otherwise, the error is to be taken away, by 
turning the screws behind the speculum in cotitrary' directions, and 
both screws must be left equally tight. 

.This adjustment may be performed in a more accurate manner, by 
means of two adjusting tools, £g. 20. on each of which is a line 
drawn parallel to its base ; these hnes are exactly at the same height. 

Let the quadrant be laid on a table, with its nee upwards, and the 
index f^ed towards the middle of the limb ; then place the tools on 
the limb, one at each end, direct the si?ht to the index glass, and 
let the position of the index be atterea till the half of the direct 
tool is intercepted by the iiarther edge of the speculum, and half of 
the other tool reflected li-om the same part of the speculum, the 
other half being off the glass. Now, if the index glass is perpendi- 
cular to the pl^ie of the quadrant, the direct and reflected lines on 
the toob wiU be in the sam6 straight line ; if not, the lines will appear 
broken, aiid the coincidence is to made perfect by means of the 
screws behind the speculum, 

ADjnrrMHNT O. 

To ttt th4 fbre-HorixOH Glass perfen^atlar to the Plane of the 
Quadrant. 

Set the taiiex to O ; hold $ie plane of the quadrant parallel to the 
horuiHi, and ^pply the eye to the lower hole, in the sight vane ; then 
direct tJie ^m to the horizon, or to any other well defined object ; 
and if the horizons seen directly, and in the silvered part of the glass, 
are apparently in the same straight line, the fbre-honzon glass is per- 
pendicular tothefdane of the instrument} if not, one of the hori- 
zons will appear higher than the other : now, if the horizon seen 
by reflection is Ugher than the same seen directly, unscrew the 
nearest screw in die pedestal of the glass, and screw up that on the 
farther ade ^ the g^os, tSlthe direct and reflected horizons appear 
to be in thie same knight line. But if the reflected is lower than that 
seen directiy, unscrew the ftrthest, and screw up the nearest screw, 
liO the Goktcxbnce of the horizons is perfect} obierving to leave both 

screws 
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•awm eqnaOy tight i asd the fbre-horizon glass vill be perpeiKlicu- 
lar to the plane of the quadrant. 

Adjobtkemt hi. 

To set the Fart-Horixon Glass parallel to the Index Glass, tlw Tn- 
doK betng at Zero.* 

Hold the [dane of the quadrant in i vertical position, with the 
aich lowermost, the index being previously set exactly to O : now 
the ^ b^g applied to the h^e in the vane next the quadrant, 
and me sight directed to a well defined part of the horizon, or any 
well de&ied distant object,f then if the horizon seen in the silvered 
part of the glass, coincides with, that seen through the transparent 
part, the horizon glass is adjusted ; but if the horizons do not coin- 
cide, unscrew the nulled screw, in the middle of the lever on the 
other side of the quadrant, and turn the nut at the end of the lever, till 
both horizons coincide ; then fix the lever in this position, by tightening 
the milled screw. i 

If dus adjustment be again examined, it will perhaps be found im- 
perfect } in this case, therefore, it remains, either to rq>eat the ad- 
justment, or rather, to find the error of adjustment, or, as it is usuaUy 
called, the index error, which mav be done thus : 

Let the sight be directed through the vane to the horizon, move the 
index till the reflected horizon coincides with that seen directly, and 
the diffi:rence between O on the limb, and O on the vernier, is the 
index error; which is additive when the beginning of the ver- 
nier is to the right of O on the limb, otherwise subtractive. 

Adjustment IV". 

To set the Back-Horixon Glass perpeTtdicular to the Plane of the 
Instrument. 

Pot the index to O, hold the plane of the quadi'ant parallel to the 
horizon, and direct the sight towards the horizon, through the back- 
sight vane. Now, if the horizon reflected from the silvered part of 
the glass, is in the same strai^t line with that seen through the tran- 
spvem part, the glass is perpendicular to the plane of the instrument. 
u the horizons do net unite, turn the sunk screws in the pedestal of 
the glass, till both appear to makeone continued straight line. 

Adjdstmbmt v. 

To set the Back-Horhion Glass ferpendtaiiat to the Plane if the bdea 
Glass produced, tlu Index being at Zero. 

Let the index be put as muchtothe rigjlt'of O » tmcethedipof 
the horizon amounts to ; hold the qtodrant in a votical positioD, and. 
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apidj the eje to the back-horizon vane ; then, if the reflected horizon 
KMnddes with that seeodirectly, the glass is adjusted \ otherwise) the 
screw, in the middle of the lever, on the other side of the quadrant, 
most be imtumed, and the nut u its extremitjr turned, till both 
famizons coincide. We aaj abieno, that the iwected horizon will 
be inverted, that is, the sea will be apparently oppomost, and the 
sky lowermost. 

The back-horizcai glass may be easily adjusted at land as follows ; 
place three rods perpendicular to the horizon, in a sandy beach, or 
level field, so as to be exactly in the same straight line, andneariy e«^ 
distant'from each other ; the distance between two adjacent rods bemg 
not much less than a quarter of a mile ; if the distance be greater, so 
much the better : then put ^e index of the quadrant exactly at O, and 
let the observer be sutioned at the middle rod, with the jdane of the 
quadrant pu^lel to the horiaon, and the index glass ;d>qve the rod.— 
Now direct the sight to one of the extreme rods, and if the reflected 
image of the other rod coincides with that seen directly, the glass bad- 
justed ! if the coincidence b not perfect, nntnm the inilled screw, in 
the middleof the lever belotemg to tUs^ass, and turn the nut at the 
end of the lever, til) both ro£ appear in one, and the ^ass will be 
adjusted i then fasten die nulled screw. 

Tlus adjustment, as well as that of the fbre-horiz(Hi glass, b subject 
to a small error, ^hich b chiefl][ produced in &stenmg the milled 
screw in the middle of the lever } it, therefiyei Incomes necessary to 
find the error of adjustment, widch may be done, by again exa min ing 
the coincidence of the objects as befm, after the tniUed screw u fasten- 
ed, and making it perfect by moving the index t '^ ^be interval be- 
tween the be^nning of the indec scale, and zero on the limb, will be 
the error of adjustment, or the index error fu: the back observation, to 
be apfdied as formerly In the ^xive determination, we have supposed 
the rods to be in the same Araight line, which can be very easily effect- 
ed 1 hosrevert if these rods are not exactly in a right line, the error of 
at^uMment may be thus foaai. 

, I<et ODe of the extrone rods be called the first, and the other the 
jMMKf red ; BOW, the observer being placed at the middle rod as before, 
let the sight be (Erected to the first rod ( make the reflected image of 
the second rod coincide widi it, by moving the index, and mark the 
diviiioa pointed out by the scale. Uten let the observer turn half 
round, direct thesi^t to thefiecond rod, and move the index till the 
first, tem by reflection, coincides vfith it, and agdn mark the angle 
shown by the indi^scide*. Now, u one of these angles be measured 
on the limb, and the other on the arch o£ excess, half their difierenct 
will be the error of adjustment, or index error i but if both angles be 
measured either on the limb, or <xi the arch of excess, half their sum, 
is the index error { subtractive, fron altitudes given by the quadrant, 

* Oi ioven the pontioa a( iltc qa>4niit, bj tnmiu hi hcc dowmnitii ; hdd It* 
pluiB lercl u bcfeie, and direct tbc ticbi >|iin to the firu rod ; more tha indn till iha 
*wood, lem by (cflection, nrikKxIm with h, ud mi ag ibe ■H*' 'hwra by the >i«Mun 
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riiec the aoglii shavn oa the limb «ECMda that on the arch of ac- 
cess, or if both an;^ be moaored on th&Umb: id otbo- cafet, tlus 
error is tobeadded. If the obscrvatioaia that of the angular distuice 
bettreen any two objecta, then the ^implement of that pvtn by the 
(juadrant, corrected as above, triU be tae anrie nquired. 

Various other methods hare been pn^wied far eSectitiK the adjust- 
ment of the back-horizon glass, some of which we shall oriefly men- 
tion. 1 it, In Mr. Dollonas method, an index is ;q>plied to the back- 
horizon glass, hf which it may be mored, so a> to be parallel to the 
index glass^ when O on the index scale coinctdw with O on the limb. 
When this is efi«cted, the index of the back-hraizon glass is to be 
tnoved exactly 90° &om its former postion, which is known iiy means 
of an arch divided for that purpoae ; and then, the plane of the back- 
horizon ^ass will be perpendicular to the plane of the index glass pro< 
duced. 2d, In Mr. Blair's method^ the onder edge of the index glass 
is gAund and polished, so as to be at right angles to the plane of that 
risus i and hence; the back-hcriaon glass is adjusted, by making the 
direct and reflected horiaons agree, the index being at O, exactly >» 
the same manner as the ibre-h(»izoo|^ass it rendered parallel to the 
qteculiun.* Mr. GilketwNi, Po«t*m-row, Towes^-luU, London, has 
a new method of adjusting the index glasi, by means of a screw at the 
tq^ter end of that ^ass* nr which a patent waa obtuned. 

Use of Hadky't Quairant in Observing MtihuUi at Sea. 

.The akitude of any object is determined by dM poution of the indoc . 
on the limb, when by reflection that qlqect^ppean to be in the honzoo. 
In observing ahitudes> it will be ftmnd moat oonresiient ts hoM th» 
uradnnt with the left hutd» and oMMre the in^a. #ith the ri^. 
Hence, the left hand is to be applied tn the farAer radiw, towanb 
the end of the curved brace, and th« right hand to the hnr«r yttt sf 
the index. 

There are two diStrent methods (rfuiciiiff'Obaeiitationa withHKdloy'a 
quadrant. In the first of these the £Ke^AftobM»«eri>dirKt«l' t»- 
waida that part of the horizon imfiaediMcly^ nadbr the 80% and-is, 
there&re, called the J^bre OA«airv«,(tMi. In the other methodj the«t»- 
server's back is todieSao>anditishencec^ledtiM AzcAOiMnsrioti. 
This hst method of observation is to be used onlyv when the-birisimt 
under the Sun is obscured, or rendered in<tiMiiKt b^ fbg, OF an^'OdlMF 

If the object, whose aHilude is to be obacrvedi be. the Sun, and ifa» 
bri^, that its image nuy be sees u the transpanct pai*' ofHiht-fere- 
borizon glaas, the eye is then to be ^qipUed to the uf^w hoto- in- thv 
fore^ht vane, otherwise to the lower hole^ andin this oasty tAe 
ya dranf is to be so held, that tbe-Sun may be biasened by tta*>lhi« 
JQiiyag thf silneredand tBancparcnt parts of die gjaas. Hewc, one 
half ofthe Sim will be reflected &om the silvered part of the glass. — ' 
fhe-MocHriatobekepbasAiswiya^poissbk in the tame po^ti^ib ittdt 
1 th« Bnejrdt^wdis BriMniQai, 
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dieimweofxttar istoberoflectcdfiwa that part of iKe silvered part 
ofthe Euss, which is adjacent to the line of separation ofthe two parts. 

In (^serving the altitude of any object, the quadrant must be held 
perpendicular to the horizont aadtSOr t^f its plane produced would 
[ms through that object. In observations of the Sun, this latter posi- 
tion is easily obtained, provided the altitude is low, by holding the 
quadrant in such a manner, that the shadow of the &rther radius may 
rail on that next the observer ; is this case, the siriit is to be directed 
to the horizon. If the observed object is not the Sun, it will be pro- 
per to direct the sight to' the object ; the quadrant being held so, that 
the image of the object may appear in the silvered part ot the glass, as 
befijre mentioned, and the index is to be moved tiJl either limb of the 
ol^ect appears in contact witiithehorison; but because that part of the 
horizon, which is immediately under the ol^ect, is not exactly ktiown ; 
it, therefore, becomes necessary to give the quadrant a slow vibratory 
motion, the axis of which being that of sight, the observer, at the same 
time, turning himself about upon his heel*, so as to keep the object 
always in that part of the horizon glass, which is at the same distance 
as toe eye from the plane of the quadrant. By ttus means the reflect- 
ed ot^ect will describe an arch of a parallel circle round the true Sun, 
iritose convex side will be downwards in the fore observation, and up- 
wards in the bock i and, therefore,, when by moving the index, the 
lowest point of the arch in the fore observation, or hi^iest in the back, 
is nude to toueh the horizem, the quadrant will stand in a vertical plane, 
and the rititnde above the virible horoon will be properly observed. 

It is oAoi found, in measuring the attitude of any object, or the 
^stance between two Gxed objects, that a differrait anglef will be ob> 
tained, by flnishntsrdte observation with a modon of the index in con- 
trary directicites. Thus the angle, obtained by moving the index ac- 
cording to the order of the divisions on the limb, is always found to be 
greater, than when the index is moved in a retrograde direction, or 
contrary to the order of the divisions. As this error arises from the 
balding ol die index, it may be obviated by taking, care to move 
the inan the soma way, both in the adjusting, and in taking the 
observatiORs. 

It freqseiidy tapptau, that when the object is nearly in contact 
with the horlflvn, the observer, by endeavouring to make this contact 
better, cAen p«faci the index too hr, and thereby renders the contaa 
worse than before. In order to remove this inconvenience, the best 
quadrants we ^Mwided iridi a kmr at the lower end of the index, 
called aw adjaitrng, or tangent screw ; by which a ^w motion may 
be givoi to the inoex. Hence, those sudden starts, to which it is liable 
when moved by hand, are prevented. 

A taaM mapaifyin{ glass will be* found of great service in reading 
off the aliserTea angle ; in doing which* the limb may be hdd towar<» 
the observer; and the eye diould be in a plane perpeiMlicular to the 
qitadrant, passing throu^ the coinciding divisions. 
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To take AUiludts by tht fhre Observation. 

L 

OflkiSm. 

Turn down either of the coloured glasses, before the horizon g^as^ 
according to the brightness of the Sun J and if the Sun is bright enough 
to be seen in the transparent part of the, glass, let the eye be placed at 
the upper hole in the sight vane, otherwise at the hole next the plane . 
of the quadrant; direct the sight to that parf.of the horizon which Is 
under the Sun, and move the index till the coloured image of the Sun 
appears in the horizon glass ; then give the quadrant a slow vibratory 
motion about the axis of vision ; move the index till the Sun's lower 
. or up^r limb, at the lowest part of the arch, descrUied by this motion, 
is in contact with the horizon, and the, degrees and minutes, shown 
by the index on the limb of the quadrant, will be the observed alti- 
tude of the Sun. 

n. 

Of the Moon. 

Put the index to O, turn down the greenHinged glass, place the 
eye at the lower hole in the sigltf vane, and direct the sight to the 
Moon i which beine found in the silvered part of the h(»izon glass, 
move the index gradually, and follow the Idoon's reflected image, till 
the enlightened hmb is in c(Hitact with the horizon, at the lower |»rt 
tJ the arch described by the vibrat<H7 motion, as in the latt article ; 
■ and the index will show the obaerved altitude of that limb of the Moon, 
vhich was brought in contact with the horizon. If the obiervatioQ 
Ja made in the day time, the coloured glass is unnecessary. 

m. 

Of a Star or Planet. 

Put the index to O, direct th^ sight to the star, through the lower 
htde in the sight vane, and tranqiarent part of the horisMt glass ; 
9U>ve the plane of the quadrant a v^ little to the left, and the unage 
of the s^4r will be seen in the silvered part of the gU» i then move the 
index, and the image of the star will deKeod; continue this motion 
of the index till the star is in contact with the horizttl, at the lowest 
pan ofthe arch described; and the degrees and minutes, shown by the 
inde^n the limb, will be the observed altitude of the star. 

yinka that part of the horizon, tmder the object idiose altitude is 
intended to be observed, is obscured or rendered indistinct, by fog <^ 
any other impediment, the back observation becomes necessary; we 
would, horwever, advise the observer, before he depends entirely on 
the altitude taken by the back observation, to accustom himself to 
this mode of observing, and to ascertain the accuracy to which he is 
c^bie of attaining, by comparing altitudes, taken by this method, 
irith those of the same object, taken at the same time by the fore ob- 
ftervation, allowance being previously made for the dip, and index error. 

To 
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To lake Altitudes ly the Back Olservation. 

L 

Of the Son. 

Put the stem of the coloured glaisea into the pla;t made to receive it 

between the horizon glasses) turn down either, according to the bright- 

ness of the Sun, and hold the instrument verticallv; tlien direct the 

sight through the hole in the back-sight vane, and transparent slit in 

the horizon glass, to that part of the horizon which is opposite to the 

Sun ; move the index till the Sun is in the silvered part of the glass, 

and by giving the quadrant a vibratory motion, whose axis is that of 

vision, me image of the Sun will describe an arch whose convex side 

is upwards ; now bring the limb of the Sun, when in the upper part of 

the arch, in contact with the horizon ; and the degrees and minutes 

shown by the index on the limb will be the altitude of the other limb 

of the yun. 

n. 

Of lite Moon. 

The altitude of -the Moon is observed in the same manner as that 
of the Sun, with this difference only, that the use of the coloured 
glass is unnecessary, unless the Moon is very bright ; and that - the 
enlightened limb, whether it be the upper or lower, is to i>e brought 
into c(Kitact with the horizon. In the day time, the Moon's altitude, 
may be observed as directed in the next article. 
III. 
Of a Stab or Planet. 

Xrfjok direcdy to the star, through the vane and transparent slit in 
the horizon glass ( move the index till the opposite horizon, with re- 
spect to the star, is seen in the silvered part of the glass, and make 
the contart perfect as formerly. If the altitude of the star is known 
nearly, the index may be set to that altitude) the sight directed to the 
opponte horizon, and the observaiicm made as before. 

Unless observations are fbade accurately, the conclusions to be dedu- 
. ced there&om canBot be depended on ; and since a single altitude 
is not to be so much rdied on, as the mean of several, taken at short 
intervals of time ; therdbre» Jour or five altitudes should be taken at 
neariy equal intervab of time, and their sum, divided by their number, 
will be the mean altitude which the ot^ect would probably have had 
at the mean interval, or the instant arising from thediviuonofthesum 
of thetimest^obs&vationby theirnumber. If the intervals between 
the succeiuve observations are short, and nearly equal, the correspond- 
ing difiermces of ahitude will also be either nearly equal, or gradually 
increaiit^ or decreasing. Hence, an erroneous altitude may easily be 
discovert; thus, if the altitudes of au object were 19° 58', 20"^ i', 
20° 11', and 20° 15, and the corresponding times of observation, 
8b. 15' 1", 9h. 15' 4S", 9h. l(i' 36", and 9h. 17' 30", respectively j 
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it may hence be presuned, that the three firet altitudes are tolerably 
accurate, but that the last should have been about 20° 18', and, there- 
fore, such altitude should be absolutely rejected. 

This method of deducing the mean altitude of the same limb of the 
, Sun is, howe»er, attended with an error arising from, the irradiation, 
or apparent spreading of its rays beyond the true limb j and then- 
fore, m order to diminish, if not wholly to destroy it, the mean of an 
equal number of altitudes of each limb, observed at nearly equal inter- 
vals of time, should be taken. As this error amounts only to a few 
seconds, it, therefore, becomes insensible in observations taken at sea. 

Bxamination «/* a Quadrant, 

. If a quadrant be carefully made by a good artist, it may be very 
safely depended on ; but as many quadrants are made by workmen 
careless of their reputation, it therefore becomes necessary to examine 
any instrument very particularly before it is purchased ; or, if it be 
already purchased, to be able to make allowance, in nilisequent obser- 
vations, for any error to which it may be liable. For this purpose, it is 
hcmd, the following remaiks will be found of service. 

The frune of the quadrant ougbt to be made of well seasoned wood, 
otherwise the action of the Sun, at the time of observation, will be 
ready to aher its [rfane; from this cause, an error may be produced in 
the observed angle. This alteration may be observed, by looking along 
the plane of the instrument. The frame should also be entirely free m 
rents, and every joint should be as close as possible. 

The length <^ the scale on the Hmb should be adapted to the radius 
of the instrument ; this may be ezarained in the ftdlowing manner. 
Construct a scale of equal parts, as accurately as possible, upon which 
measure the length of the radius of the instrument, or distance, be- 
tween the center of motion and the exterior circular line bounding the 
divisions ; then will the extent between 0° and 90° be equal to the 
diameter of the instrument X. 38628. If , therefore, the correspcHid- 
ent number be taken from the scale of equal parts, and applied to that 
on the limb, it should reach from 0" to 90. 

If the diameter of the instrument be divided decimally, the extent 
between any two divisions on the limb, will be eqoal to the sine of one 
fourth of the intercepted anf^e. 

Ilie divisions on the limb may be also verified, as follows. In a 
sandy beach, or level piece of ground, let two rods be placed in a ver- 
tical position, at a convenient and nearly equal distance from the ob* 
server ; adjnst the quadrant by the left hand rod, and dbum, as ac- 
curately as possible, the angtilar distance between these rod* j let this 
observation be repeated, and the mean of these measures w^ be the 
correct angle between the rods ; now measare the distUKe between 
the center of the index glass and each rod, and ^so the disunee be- 
tween the rods as accurately as possible. Hence, Ac an^ at the 
center of the index glass m«y be found by compuUticKi, the di0erenc« 
between which and that by observation, will be the error of the seal* 
at that particular division. By increasing and diminishing the distance 

betweea . 



between the rod** »kI, proceeding at above, it wiD be kaawa If the 
error is proportionaUe to the arcb ; and, in any cue, a table «f evror» 
in»be drawn out. 

The iatermediate dirisioiu ma^rabo be eratined, hr mewn <rf the 
index scale, provided it be <^ the prefer Ica^} whkAma^beeaiiht 
known, b^ nultiplTiog the radius of the iutrtUMat by .OMMi > 
that scale takes in 6° SO', but by .06108, if it i« «iuat to f. Now 
let one of the extreme diviflons on the index scale be pot to any de- 
gree, and the other extrene ifivieion wHk coinride mch a divisisa an 
the limb ; and in this manner may the whole scale be verified. To 
assist the eye, while examining the coincidence of the divisions, a 
magnifying glass will be absohitely necessary ; and it should be lo 
heu, that its axis may be perpendicolar to the plane of the instrument, 
and over the division to be sxunioed. 

After having examined, by this or any other method, the length 
of the whole arch,- and also of the intetiDediate divisions ; if they 
are found erroneous, a table, containii^ the errors at each degree, 
should be constructed ; which table is to be craistantly used in cor' 
recting altitudes observed with this instrument. 

The accuracy ctf the divisions of the index scale may be eaeily e*- 
amined, by observing if the differences of coincidence between these 
divisions and those on the limb be regular, and that no two divisionft 
on the index coincide, at the same tmie, with tm> on the Iimb» the 
extreme divisions excepted. 

lie index should he of a sufficient strength to prevent it, as- 
mudt as possible, from bending, when moved along the limb i it 
ehould be entirelv fne of any shue or play at the center, nor should 
its motion there he stiff. Both nirfaces of each mirror should, beper- 
ftct planes, and strictly parallel to each other : the £rst of these requi- 
sites, may be verified by means of two distant objects, as fellows : 
move the index till bodi objects are exactly in ccoitact at the upper 
edge of the silvered part of the horizon glass ; now, the plane of the 
tmaihvit being stSl orected to the same objects, move it, in its own 
^ane, so as to make the united' images move along the line of sipa- 
ratiqn of the horizon glass, and if in this motion the images continue ' 
United, the reflecting snrl^e is a good plane, otherwise, the plane is 
im per f ect. The pvaUeSsm of the planes of any of the rejecting 
sumces may be examined, by viewmg the image of the fiame of a. 
candle reflected obliquely from the glass ; for, if that image appears 
sin^e and well defined about the ^ae, the suites of the glasS' are 
parallel to each other; but if the rwectad image is repeated, the 
[toe0 of the glass are inclined,, and if producM^ would neei. U* 
this ^lass was constructed so as to be capaUe of reversion, tlw io^- 
aation of iu planes might be ibund, ana hence * table dnwn up^ t« 
ejAibh the error answenng to any given anrie. 

The coloured glasses shculd be-£n« of vema, and have their plane* 
tfoe mi parallel: Tbe veins in a coloured gjass may be (tisenveced 
bf Titwing die Stw tfaron^ Ity and the want of pai^dklism of the 
MBur loay be fettnd In the fidbwing manaer, 

ObMm 
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Obcerve the Sun's altitude when very near the meridian, and fasten 
the index by the screw for that purpose ; then turn the coloured glass 
so, that die plane which was next the index glass may now be next 
the horizon glass, and if the altitude is the same, the planes of the 
glass are paraliel to each other t if not, make the contact of the Sun's 
fi^b and horizon perfect, and half the difference of altitude will be 
the error of the coloured glass. The less the meridian altitude of the 
Sun, the more accurately this verification will be made } and it should 
not be attempted when the Sim is near the zenith. 



CHAP. n. 

Of the Sextant. 



X HE Sextant, as its name implies, is the sixth part of a circle, and, 
therefore, contains 60°; but, becawse of the double reflection, it is 
divided into 120°. It is constructed on the same principles as the 
quadrant, and may be said to be that instrument extended. As the 
sextant b particularly intended to measure the distance of the Moon 
{rom the Sun, or a fixed star, In order to find the longitude of a place 
by lunar observations; and as this distance must be obtained as accu- 
rately as possible, it is, therefore, constructed with more care, and 
provided with some additional appendages, that are wanting in the 
quadrant. 

This instrument is commonly made of metal j the index and limb 
are of brass, but the frame is of a harder composition ; the only wooden ' 
part belonging to it is a handle attached to the back, by which, when 
observing the distance between two objects, it is to be held with one 
ftand, while the other is regulating the motion of the index. 

A degree on the limb of this instrument, is commonly divided into 
three equal parts ; each of which, therefore, contains 20', and the index 
scale is divided so as lo show half minutes : in some sextants, the de- 



gree is divided into six equal parts, hence each contains 10', and the 
vernier shows 10". 

That end of the index next the limb is furnished with an adjusting, 
or, as it is sometimes called, a tangent screw, by which the index may 
be moved slowly and regularly, and, therefore, the contact of the 
limbs of any two objects may be made as perfect as the eye is able to 
distinguish, when assisted with one of '^ telescopes which accompany 
this instnunent. 

In soilie sextanu, the lower half of the index glass, or that next the . 
|Aane of the instrument, is silvered as usual, and the back surface of 
the other half is ground and painted black. A thin plate of brattj 

equal 
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equal in length and breadth to the silvered part of Uie speculum, and 
moving on an axis, is to be raised before that part of the index glass, 
when the Sun is very bright } in which case, the reflection is to be 
taken from the polished surface of ^e upper half of that glass, so that 
any error which might probably arise from the want of [»rallelLsm in 
the planes of the glass, is by this means avoided. This plate is also 
painted black. 

A sextant is not fitted up for the back observation ; and in some, 
the horizon glass is so fixed to the instrument, as to be incapable of 
adjustment. In instruments of this construction, it becomes alMolutely 
necessary to find the index error. 

The coloured glasses a^e similar to those applied to a common liad- 
ley's quadrant, and are usually four in number; a sextant is, however, 
generally [vovided with three more, to be placed occasionally on the 
Tu ther side of the horizon glass, l^iese are particularly useful in olJ- 
sei-ving the Sun's altitude by^ reflection at land ; or in linding the in- 
dex error by means of the Sun . 

lliere are two telescopes belon^ng to the sextant, one of which 
shows objects in their natural position ; and the other b of the 
coitunon astronomicalconstruction, and, therefore, shewing ol^ects in- 
verted. A tube, without glasses, also accompanies this mstrument. 
By means of these, the hne of sight may be rendered pa;^el to the 
pUne of the sextant ; and the contact of the limbs of any two object! 
more accurately observed. The tube, or either telescope, is to be 
screwed into a brass ring, which is connected with another brass ring, 
by means of two screws, in such a manner, as to raise or lower the. 
telescope, in order that the line of collimation may be directed to a 
proper part of the horizon ^a*s. 

A circular head, containmg a [^te, in which are three coloured 
passes, and an' aperture without glass, sometimes accompanies the 
seztdnt. This- head is to be screwed on the eye end of the tube, or 
on that of either telescope ; the edge of the plate projects a little 
beyond the head on one side, and is moveable by the finger, so as 
the perforation, or either coloured glass, may be In-oaght opposite to 
the circular aperture in the head. 

Fig. 7th is a plan of the sextant, as described above -, 6g. Sth is 
one ^ the telescopes ; fig. 9th is the 6eld of view of the telescope, 
with the two parcel wires} fig. 10th is the tube; and Sg. llth is 
a section of the instrument at the line AB, in whkh D is a section 
of the handle, at its proper distance &<Hn the plane of the in- 
Mruinent. 

Adjostments of the Sextant. 

The adjustments of a sextant are, to set the mirrors perpendicular 
to its plane and parallel to each other, when the index is at zero, and 
to rectify the position of the line of collimation. The deviation of 
each of these from its true pontitm mi^it indeed be found, and the 
resulting error of observation, from thence computed -, but tliis by no 
means ought to be admitted, unless in cases of absolute necessity. 

TOl. I. K AbJVST- 
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Adjustment I. 

To tat the Irtdex Glass perpmdiealar la the Plafu of the Sexlant. 

Put the index to about GO', and hold the plane of the sextant nearly 
jnratlet to the horizon, the limb being from the observer : then direct 
the sight to the speculum, and if the reflected limb of the instnimmt ap- 
pears to beexactlyin the same plane with that leen directly, the glass it 
perpendicular to the plane of the instivment. But if the limbs are not 
in the same plane, turn the screws in the projecting plane behind the 
. speculum, till they are apparently so, and the glass will be adjusted. 
Tbia adjustment might be effected by means of Uie adjusting tool. 

Adjustment. II. 
To set the Horhon Glass pmpen^cular to the Plane of the Sextant, 
The index glass being previously adjusted, set the bednning of the 
divi^ons on the index to zero on the limb, and hold the filane of 
the instrument in a horizontal positiiHi ; then direct the sight to the 
horizon glass, and if the rejected horizon is apparently in the same 
straight nne with that seen (Urectly, the glass is perpendictdar to the 
plane of the sextant ; otherwise, turn the adjusting screw of the ho- 
rizon glass, at the back of the instrument, till the coincidence of the 
reflected and direct horizons is perfect. 

Adjustment III. 
To set the Horixon Glass parallel to the Specubm, 

Set the first division on the index to zero on the limb ; fasten the 
index in this position, and make the coincidence of these divisions 
perfea, by means of the adjusting screw at the end of the index, the 
eye being assisted with the magnifying lens ; screw the telescope in 
its support, and turn the screw belonging thereto, at the back of 
the instrument, till the field of the tdracope is bisected by the line' 
which separates the silvered and transparent parts of the horizon giass { 
now hold the sextant vertically, direct the sight to the horizon, and 
if the reflected and direct horizons do not comcide, release the screw 
which lies nearly behind the support of the telescope, and turn the 
nut at the extremity of the lever, till the coincidence of the horizons 
is perfect j and the horizon glass will be adjusted. 

After the screw which contains the lever in its place is fastened, it 
will be proper to examine this adjustment ; if the coincidence of the 
horizons is not perfect, (he adjustment is to be repeated till it is so j 
but as it is difiiLult to obtain an exact coincidence by this tneans, the 
horizons may be brought to coincide, by turning fhe adjusting screw 
of the index, aud the diOcrence between the two zeros is the index 
error. 

The index error may also be found, by measuring the diameter ot 
the Sun or Moon twice, with a motion of the index, m contrary direc- 
tions. If both measures are taken either to the right or left if U On 
the Umb> half their sum will be the index error, and is additive or siib- 

tractive 
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mctive tccordinglr; but tfoneof tlie measures U taken to tbe ri^ht, 
and the other to the left of O, hjdf their difference is the index error, 
being additive when the diameter measured to the right of O exceed^ 
that measured to the left ; otherwise, subtractive. Since in some 
sextants the horizon glass cannot be adjusted, the index error must^ 
therefore, be found ; and in this case it may be considered as a con- 
stant quantity, to be applied to all angles measured with the same in- 
strument. 

In altitudes observed at land bythemethod of reflection, the doable 
altitude afiected by the index error is given by the instrument ■,' in this 
case, it will be found convenient to call half the index error, the cor- 
rection, which being applied to kalf the angle given by ^s instru- 
ment, will give the apparent altitude of the object. 

Adjustment IV. 
To make the Line ofCoUimathn * parallel to the Plane of the Stxtant. 

Tnrp the eye end <rf the telescope, containing the two parallel wires, 
till the wires are parallel to the plane of the instrument ; and let two 
distant objects be selected> as two stars of the first magnitude, or the 
Sun and Moon, whose distance may not be less than 90° or iOO°i 
make the contact of the limbs of th^e objects as perfect as possible; 
at the wire nearest the plane of the instrument ; nx the index in this 
pontion { move the sextant till the objects are at the other wire, and if 
the same limbs are in contact, the axis is adjusted ; but if the limbs 
are either apparently separated, or partly cover each oiiher, correct half 
the error by the screws in the circular part of the supporter, one of 
which IS above, and the other between the telescope and sextant ; 
torn the adjusting screw at the end of the index, till the limbs are in 
contact } then bnng the objects to the wire next the instrument, and 
if the limbs are in contact, the axis of vision of the telescope is parallel 
to the plane of the instrument,; if not, proceed as at the other wircj 
and continue till no error remains. 

If the Moon is one of the ot^ects, this adjustment must be perform- 
ed as quick as possible ; otherwise, allowance must be made for the 
Moon's apparent motion in the interval. 

This adjustment may also be performed as follows : lay the sextant 
9n one end of a large table, whose surface is an exact plane ; then take 
the adjusting tool, and raise the circular hole to the height of the 
middle of the eye end of the telescope, and place it at the other end 
of the table : duvet the telescope to the tool, make the wires parallel 
to the plane of the instrument, and adjust the telescope to as distinct 
vision as posabte. Now, if the circular bole in the tool isapparently 
in the middle between the wires, the axis of the telescope is parallel to 

* The line of cslllniition is an i(na|i>uiyitnu|ht line, joining the opni^nfivfn^Mnni 

of the object flui of ■ cetoMpc, ud citlicr ^e in '- '-■-- - 
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the plane of the instrument ; if not, one half of the error is to be cor- 
rected, by niiing or lowering the slide containing the circular hole, 
and the other half by the screws in the socket containinj; the telescope. 
For the sake of accuracy, this adjustment is to be repeated, by making 
the circular part of the tool of the same height as the eye end of the 
telescope, and proceeding as before, until no error remains. 

This adjustment may also be made, by looking directly to the Sun 
through the telescope} then, if the shadow of the farther radius exact- 
ly coven the hither radius, or middle verticle bar, at the same'time that 
the Sun appears in the middle between the wires, the telescope is right ; 
otherwise, it must be adjusted by the wires in the circular part of the 
supporter. 

The error of the line of colUmation being given, the resulting error 
of observation may be found, by entering table zxiL with the above 
error at the top, and the observed distance in the side column. 

It is sometimes necessary to know the angular distance between the 
vit«s of the telescope ; to find which, let these wires be placed per- 
pendicular to the instrument, hold the sextant verticle, direct the sight 
to the horizon, and move the sextant in its own plane, till the horizon 
and upper wire ccMncide ; keep the sextant in ttus position, and move 
the index till the reflected horizon is covered by the lower wire, and 
the division shown by the index on the limb, corrected by the index 
error, will be the angular distance between the wirest 

Use qJ ike SexrrAMT. * 

The sextant is particularly adapted to measure the angular distance 
between the Moon and the Sun, or a fixed star. When the distance 
between the Moon and either of these objects is to be observed, the 
sextant must be held so, that its plane produced may pass through the 
eye of the observer and both objects ; and the reflected image of the 
most luminous of the two, is to be brought in contact with the other 
seen directly. To efiect this, therefore, it is evident, that, when the 
brightest object it to the right of the other, the face of the sextant must 
be held upwards ; but if to the left, downwards. When the fiice of 
the sextant is held upwards, the instrument should be supported with 
the" right hand, and the index moved with the left j but when the face 
of the sextant is from the observer.it should be held with the left band, 
and the motion of the index regulated by the right hand. 

Scnnetimes a sitting posture will be found very convenient ftir the 
c^MHTer, particularly when the reflected ot^ect is to the rigljt of the 
direct one ; in this case, the instrument is to be supported by the right 
hand, the elbow may rest on the right knee, the right leg at the same 
time resting on the left knee. 

If the sextant is provided with a ball and'socket, and a staff, one of 
whose ends is attached thereto, and the other resdn? in a belt &stened 
round the waist of the observer ; the greater part of the weight of the 
instrument may, by this meaiis, bp supported by his bodyv 

r» 
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To observe the DistOMce between the Moon and any celestial Olject. 

I. 

Between the Sun and MooM. 

Put the telescope ia ks place, and the wirw parallel to the plane of 
the instnunent ; then, if the iiidex glass is halfsilvered and half black- 
ed, and if the sun is very bri^t, raise the plate before the silvered part 
of the speculum -, direct the telescope either to the transparent part of 
the horizon glass, or to the line which separates the silvered and trans- 
parent parts of that glass, according to the brightness of the S^, and 
turn down one of the coloured glasses ; then hold the sextant * so, that 
its plane produced may pass through the Sun and Moon, having tti 
face either upwards or downwards, according as the Sun is to the right 
or left of the Moon -, direct the dght through the telescope to the 
Moon, and move the index tilt the limb of the Sun is nearly in contac( 
with the enlightened limb of the Moon ; now fasten the index, and by 
a slow motion of the instrument make the image of the Sun move alter- 
nately past the Moon, and, when in that position where the limbs are 
nearest each other, make the coincidence of the limbs perfect, by 
means of the adjusting screw. This being e&ected, read off the de- 
grees and part of a degree pointed out on ike limb by the index, using 
3ie magnifying glass ; and thus the angular distance between the limM 
of the Sun and Moon is obtained. 

n. 

Between the Moon attd Star. 

Direct the middle of the field of the telescope, to the line of separa* 
tion of the silvered and transparent parts of the horizon glass ; if the 
Mood is very bright, turn down the lightest coloured glass, and hold 
the sextant so, that its plane mi(y be parallel to that passing through the 
eye of the observer and both objects ; with its face upwards, if the 
Mqon b to the right of the star ; but if to the left, the face of the 
sextant is to be held from the observer. Now, direct the sight through 
the telescope to the star, and move the index, till the moon appears by 
reflection to be nearly in contact with tbf star ; fasten the index, and 
turn the adjusting screw,tiU the coincidence of the star and enhghtened 
limb of the Mo(U is perfect -, and the degrees and parts of a degree, 
shown by the index, will be the observed distance between the Moon's 
enl^ttened limb and the star. « 

life contact of the limbs must always be observed in the middle 
between the parallel wires. 

• AKXtant, utuUi theiumcofa douttt or rm^cfd Sextant, hu been Ittdj inrented 
bjMr. E.Hoppe, Churchifreei.MiDorics, London. Th»iiistcumint buaiecondud), 
with ui index, bjr which nieuH obKirMiaiii in*; beiDiil(ipli«],*adthcenonofa4iiu»> 
meoi sGCuf atclf ucenained. 

It 
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It is sometimes difficult, for those not much acctistonied to obserrz- 
tioRs of this kind, to find the reflected image in the horizon glass i it 
will, perhaps, be found more convement to look directly to the object, 
and by movine the index, to make its ima^e coincide with that seen 
directly ; or, if the distance between the objects be known neariyj the 
index may be set to this distance; the sight being directed ^ one en the 
objects, and the sextant held as karmerlj described^ md the other 
object will be seen in the field of the telescope. 



CHAP. ffl. 
Of the Circular Imstbuubht ^ Rbflbxion. 



X HIS instrument was invented bv the late cdebrated astronomer, 
Professor Mayer ; and since, has been greatly improved by the 
Chevalier de Borda, M- Jean Hyacinth de Magellan, Captain Men- 
doza, Mr, Troughton, and others. The circular instrument, or, as it 
is sometimes called, the multiplying circle, is evidently preferable to 
a quadrant or sextant, in as much as the observation of the distance 
between any two objects, may be repeated round the whole of the 
limb, and the errors of the instrument thereby diminished, or ren- 
dered almost insensible. 

This instrument consists of the following parts ; a circular ring 
<^ limb, two movelble indices, two mirrors, a telescope, coloured 
glasses, &c. 

The limb of the instrument is a complete circle of metal, and is 
connected with a perforated central plate by six radii ; it is divided in- 
to 720 degrees, becanse of the double reflection ; each degree is di- 
vided into three equal parts, and the division is carried to mifiu^, 
or lower, by means of the index scale, as usual. 

The two indices are moveable round the same axis, which jiasses 
exactly through the center of the instrument { the first index c^r^ies 
the central muror, ami the other, the telescope and . horizon glass ; 
each being provided with an adjusting screw for regulating, its.ipption, 
and a scale tor shewing the divisions on the limb. 

The central mirror is placed on the first index, immediately above 
the center of the instrument, and its plane is inclmed .to the middle 
line of the index aboat 30°. The iour screws in its pedes^j for 

makisf 
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making its plane perpendicular to that of the instrtuneot, have square 
heads, and are, ther^ore, easily turned either way by a key for that 
purpose. 

The horizon glau is placed on. the second index near the limb, so 
that as few as possible, may be intercepted, of the rays proceeding 
from the reBected object, when to the left. The perpendicnlar posi- 
tion of this glass is rectified in the same manner, as that of the hmi- 
zon glass of a sextant, to which it is similar. It has also another 
small motion, whereby its pbne may be disposed so, at to nuke pro- 
per angles with the axis of the telescope, and a line joining its center, 
and that of the central mirror. 

The telescope is attached to the other Mid of the index. It is an 
achromatic astronomical one, and therefore inverts the observed ot^ 
jects ; it has two parallel wires in the common focus of the glasses, 
distant fropi each other between two and three degrees, and which, 
at the time of observation, must be placed parallel to the plane of the ' 
instrument. This is easily done, bymaking the mark on the' eye piece, 
coincide with that of the tube, llie telescope is moveable by two 
screws in a vertical direction with regard to the plane of the instn^ 
ment, but is not capable of receiving a lateral motion. 

To this instrunient belong two sets of coloured glasses, each con- 
taii^g four, and differing in shade from each other. The glasses of 
the larger set, which belong to the central mirror, should have each 
about half the degree of shade with which the correspondent glass, of 
the set belon^ng to the horizon mirror, is tinged ; because the ray 
from the Inmmous object passes twice through the coloured glas<i placed 
before the central mirror, and only once through the other coloured 
glass. These glasses are kept tight in their places, by small ores* 
sing screws, and make an angle of about 85° with the plane of the 
iostrument i by which means, the image from the coloured plass is 
not reflected to the telescope. When the angle to be measured is be- 
tween 5' and 85°, one of the glasses of the iareest set is to be used ; ' 
in other cases, one of the less set is to be placed before the horizon 
glass. 

The handle is of wood, and is screwed to the. back of the instru- 
ment, inuaediately under the center, with which it is to be held at 
the time of observation. # 

Fig. 12. is a plan of the instrument, wherein the limb is represent- 
ed by the divided circular plate; A, is the central mirror ; a,a the places 
which receive the parts a,a of the coloured glass, fig. 1 5- £F the first 
or central index, with its scale and adjusting screw ; MN the second 
or horizon index ; GH the' telescope j I,K tie screws for moving it 
to, and from, the plane of the instrument ; C the |dace of the colour- 
fed glass, fig. 14.; and D its place in particular observations. 

Fig. 13. is a section of the instrument, wherein the several parts 
are r,eferred to by the same letters as in fig. 12 ; fig. 14 represents 
one of the horizon coloured glasses ; and fig. 15. one of the central 
coloured glasses^ fig. 16. is the key for turning the adjiL<tting screw* 
of dw mirnffS} fig. 17. is thehanole; fig. 18. a section of one of the 

radii. 



D,„;,zccc;/C00gIc 



C '2 ]. 

radii, towards its middle ; fig. 19. the veTitelU, which is onl^ used in 
tCTTestrial obfennitions, for aiminishing the light of the direct ob- 
ject, uid where place at the time of otuervation is D ; fig- 20. is the 
tool for adjusting the ceatral mirror vertically, and for rectifying the 
position of the telescope with re^rd to the plane of the instrument. 
There is another tool exactly <^ the same size of the former ; the 
hei^t of these is nearly equal to that of the middle of the central 



Adjustments of the Circular Imstrdubkt. 

The tendency of these adjustments is, to make the mirrors perpen- 
dicular to the plane of the instrument ; to make the line of collimation 
parallel thereto j to-prevent any &lse light from entering the telescope, 
&c. Some of these adjustments being once made, will continue per- 
fect, for a considerable space of time, provided the instrument receives 
no injury ; but it will be necessary to examine others from time to 
time. 

Adjdstmbmt I. 

Toset the Horixon Glass so, that none of the Rays from the central 
Mirror shall berefkcled to tki TeUsmpe from the Horixon Mirror, 
without passing through the coloured Glass belonging to this last 
Mirror. 

Place the coloured glass before the horiztm mirror, direct the tele- 
scope to the silvered part of that mirror, and make it nearly parallel 
to the plane of the instrument ; move the first index, and if the raya 
from the central mirror to Ae horizon glass, and from thence to the 
telescope, have all the same degree of shade with that of the coloured 
glass used, the horizon glass is in its proper poution { otherwise, the 
neJestal of this glass must be turned, till the uocoloured images 
disappear. 



AnjUSTMENT II. 
To set the central Mirror perpendicular to the Plane of the Instrument. 

Place the two adjusting took on the limb, about S50° of the instru- 
mmt distant, one on ea<£ side of the division on the left, answering to 
the plane of tht central mirror produced ; then, the eye being placed ' 
at the upper edgi of tne nearest tool, move the central index, till on- 
ly half of the reflected image of this tool is seen in the central mir- 
ror towards the left, and move the other, till its half to the ririit is 
hid by the same edge o. the tnirrori then if the upper et^es of both 
tools are apparently in the same straight line, the central mirror is 
perpendicular to the plane of the instrument ; otherwise, bring them 
mto this position, by the scrt-ws in the pedestal of the mirror. 

This adjr- fient may be performed in the same manner as used in 
letting tbe^ifKculum of a sextant m quadrant perpeniicnliur. 

Hence 



D,g,t,z.ctvG00gIC 



Hence, by examining this adjustment in different parts of the timbj 
it will be known if the liuib be in the same plane. 

Adjostment III. 
To set tkeUurlxanMirror perpendiculaT to thePlane of the Instrument. 

The ccntml mirror being previously adjusted, direct the sight 
through the telescope to any well defined object ; then if, by movmg 
the central index, the reflected image passes exactly over tlie object 
seen directly, the mirror is perpendicular ; if not, its position ^ust 
be rectified by means of the screws in the pedestal of the glass. 

A planet, or star of the first magnitude, will be a good object for 
this purpose ; the Sun will also be found very convenient for making 
this adjustment ; in which case, one of the coloured glasses must be 
■put on the farther side of the horizon mirror. 

This adjustment may be also performed by observing, if the hori- 
zon of the sea, seen in the silvered part of the honzon glass, and by 
the edge of that ^ass, appears to m^e one continued straight line. 

Adjustment IV. 

To make the Line' of Collimation parfdlel to the Plane of the 
ImtrumeTit. 

Lay the instrument horizontally on a table ', place the two adjust* 
ing tools on the limb, towards the extremities of one of the diameters 
ofthe instrument } and, at about \b or 20 feet distant, let a well 
defined mark be placed, so as to be in the same straight line with the 
tops of the toots ; then raise or lower the telescope, till the plane pass- 
ing through its axis and the tops of the tools is parallel to the plans 
ofthe instrument, and direa it to the fixed object ; turn either or both 
of the screws of the telescope, till the mark is apparently in the middle 
between the wires; then 'is the axis of the telescope parallel to the 
plane of the instrument, and the difference, if any, between the divi- 
sions pointed out by the indices ofthe screws, will be the error ofthe 
indices. Hence, this adjustment may, in future, be easily rectified. 

In this process, the eye tube must be placed so as to obtain 
distinct vision. 

Adjustment V. 

To find that D'tohion, to which the secofid Index being placed, the 
MtTTort will Ixparallel, the central Index being at Zero. 

Having placed the first index exactly to O, direct the telescope 
to the horizon nurror so, that its'field may be bisected by the line 
joining the silvered and transparent parts of that mirror; hold the 
instrument vertically, and move the second index> till the direct and 
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reflected horizoQs sgree ) and the divuion showa by the index will be 
that required. 

This adjustment may also be performed by measuring the diameter 
of the Sua or Moon in contrary directions. The middle between 
tlie divisions on the limb will be that required ; or it may be effect- 
ed, bj making the reflected and direct images of a star or planet 
coincide. 

Since it very often happens, that the contact of the objecti cannot 
be observed exactly in the middle of the field of the telescope, it^ 
therefore, becomes necessary to know the interval between the point 
where the contact was observed, and the middle of the field, express- 
ed in minutes. This may be estimated, by knowing the angular 
distance between the wires, which may be thus determined ; 

Turn round the eye-piece of the telescope, till the wires are per- 
pendicular to the plane of the instrument, and put the first index to 
O : direct the telescope to any well d,efined object, and move the ho- 
rizon index, till the reflected and direct objects are coincident ; then 
make one of the wires coincide with the object, and turn the central 
index, tilt the reflected image of the object coincides with the other 
wire ; and the arch passed over by that index will be the angular 
distance between the wires. 

The interval between the point where the contact of the limbs was 
observed, and the middle of the field, being estimated, the corre- 
sponding error of observation is found directly from Table xiii. 

Verification of the Parallelism of the Sitrfacet of the Glasses. 

I. 

Of the Central Mirror. 

Select two well defined objects, whose angular distance exceeds 
90° or 100°; now the instrument being accurately adjusted, let se- 
veral observations of the angular distance between the objects be taken, 
in the manner hereafter to be described, and &om thence And the 
mean angular distance. Then take out the central mirror, and turn 
it so, that the edge which was formerly uppermost may now be next 
the plane of the instrument ; rectify its position, and take an equal 
number of observations of the angular distance of the same two ob- 
jects ; now half the difference between the mean of these, and that 
of the former, will be the error of the mirror answering to the observ- 
^ angle. If the first mean exceeds the second, the error is suhtrac- 
dve ; otherwise additive, the mirror being in its first position. 

The error corresponding to any other angle may be found thus. 
Add together the proportional logarithm of die error found as aboTCf 
the proportional logarithm of the error answering to the given dis- 
tance from coL 4. tab. xxi. and the aritnmetical complement of the 
proportional logarithm of the error corresponding to the observed dis- 
tance from the same table ; the sum, rejecting 10 in the index, will be 
the proportional logarithm of the required erm. Houe a paitiadar 

uUe 
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table of erron for I giren imiTor> vho^pbnes are inctinedjiniy be 
constructed. 

Since the ang^e betveen the plane of the horizon glass and axis of 
the telescope produced, is constant ia all observations, therefwe, r.e 
error arises m>m the want of parallelism in its surfaces. 



Of the Coloured Glisses. 

Place one of the coloured glasses on this, and another on the farther 
side of the horizon mirror, with respect to the telescope \ set the first 
index to O, direct the telescope to the Sun, and move the second index 
till the limbs of the direct and reflected images coincide ■ observe ^ 
least five or six contacts, and irom thence find the mean point of divi- 
sion answering thereto ; then turn the nearest coloured glass, so that 
the surface which was from the horizon mirror may now be towards it i 
observe the contact of the same two limbs as often as before, and find 
the mean divisiom ; then half the diderence between these two meant 
will be the error of the nearest coloured glass, which is additive or sub- 
tractive, according as the first mean is less or greater than the second, 
the coloured glass heing in its first position. In like manner, the pa- 
rallelism ofthe surfaces of the other coloured glasses may be examined, 
and that of the green glass may be verified by means of the Moon. 

As in cross o^ervations, the errors arising from the coloured glass 
are nearly counterbalanced, therefoi-e, in this case the above error 
may be neglected. This error will also vanish in observations to the 
right, or to the left, by talcing an equal number, and changing the 
position of the coloured glass at each observation. 

Use of the Circular Insthdmemt. 

There are three different methodsof observing the angular distance 
between two objects with this iostrmnent. The observation taken by 
the first method is named an Observation to the Right ; that by the 
second, an Observation to the Left ; and the last is called a Cross 
Observation. 

An observation to the right is that, wherein the object, whose image 
is to be reflected, and the central mirror are on the same side of the 
telescope. An observation to the left, when the object to be reflected, 
and the central mirror, are on opposite sides of the telescope ; which, 
in both cases, is supposed to be directed to the other object : and a 
cross observation is the combination of two successive observations, the 
•ne being to the right, and the other to the left. 

General Pmkcept*, 

For olserving the Angular Distance between any two Objects. 

Adjust the instrument as before directed ; then put the first index 

to 0> and the other index so, that both mirrors may be parallel } hold 

lZ the 
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the instrument in such a poaition, that it* plane produced may pass 
throa^ both objects, having its hce upwards, if the reflected object 
is to Ute left of the other, but downwards, if to the right ; direct the 
telescope to the object which is apparently the least luminous, and 
move Uie second index according to the order of the divisions, till the 
limb of the reflected object u in contact with that of the object seen 
directly ; fasten the second index, and make the coincidence of the 
limbs perfect, by means of the adjusting screw ; and tl.*i arch passed 
over by that index, will be nearly equal to the distance between the 
limbs of the objects. "Now move the first index towards the second^ 
by a quantity equal to twice the measured distance ; invert the posi- 
tion of the instrument, by directing its hce to the opposite point ; 
direct the telescope to the fiiintest object, and both will be seen in 
the field; make the contact of the same two limbs perfect, and half 
the angle shown by the central index on the limb will be the angular 
distance between the limbs of the objects. 

If the Sun is one of the objects, a coloured glass must be placed 
before the central' mirror, when the distance is Def.Tcen 5° and 35°. 
In other distances, one of the coloured glasses belonging to the 
horizon mirror is to be used. 

Id order to render the observations as accurate as possible, it will 
be necessary to continue measuring the angular distance as above, till 
the central index has passed once or twice over the limb ; and the 
degrees and parts of a degree, contained in the revolutions and excess 
of a revolution, being divided by twice the number of cross observa- 
tions, will be the angular distance between the otjects. On this, the 
mincipal advantage of the circular instrument depends. 

It might seem superfluous to enlarge upon the use of this instru- 
ment } however, as some may wish to have instructions for every par- 
ticular operation, it. is> therefore, thought proper to subjoin the 
following. 

P«ETiCDLAR Precepts. 



To ohserve the Distance between the Sun and Moon. 

Isl, The Son teing to the Right of the Moom. 

Prepare the instrument for observation, as directed above j set a 
proper coloured glass before the central mirror, if the distance be- 
tween the objects is less than 35°, but if above that quantity, place 
a coloured glass before the horizon mirror ; make the mirrors parallel 
or nearly so, tha first index being at O, and hold the instrument so, 
that its plane may be directed' to the objects, with its face down- 
wards, or from the obsei^er ; direct the sight through the telescope 
to the Moon ; move the second index, according to the order of the 
divisions on the limb, tilt the nearest limbs of the Sun and Moon are 
almost ia contact ^ fasten that index> and make the caiocidence of the 
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limbs perfect, by the adjmting •crew belonging thereto j then invert 
the instrument, and move the central index towards the second, b/ 
a quantity equal to twice the arch passed over by that index ; direct 
the plane of the instrument to the objects, look directly to the Moon, 
and the Sim will be seen in the field of the telescope ; iasten the cen- 
tral index, and make the ccHitact of the same two limbs exact, by 
means of die adjusting screw ; then half the arch passed over by the 
central index will be the distance between the nearest limbs of the 
Sun and Moon. 

2d, TAe Son leing to the 'L'Eyt of Che fJioov, 

The instrument being previously prepared, hold it with its face 
upwards, so that its plane may pass through both objects; direct the 
telescope to the Moon, and make its limb coincide with the nearest 
limb of the Sun's reflected image, by moving the second index ; now 
put the instrument in an opposite position, direct its plane ^o the ob- 
jects, and the sight to the Moon, the central index being previously 
moved towards the second, by a quantity equal to twice the measured 
distance ; and make the same two limbs that were before observed, 
coincide exactly, by turning the adjusting screw of the first index ; 
then half the angle shown by the first index will be the angular dis- 
tance between the observed limbs of the Son and Moon. 

II. 

To observe the Angular Distance letween the Moon and aficed Star 
or Planet. 

1st, The Star being to Ike Right of the Moon. 

In this case, the star is to be considered as the direct object, and 
the enlightened limb of the Moon's reflected image is to be brought 
in contact with the star or planet, both by a direct and inverted po^ 
sition of the instrument, exactly in the same manner as described in 
the last article. If' the Moon's reEected image is very bright, the 
lightest tinged glass is to be used. 

id. The Star being to the Left of the Moon. ■ 

Proceed in the same manner as directed for observing the distance 
between the Sun and Moon, the Sun being to the right of the Moon, 
and using the lightest tinged glass, if necessary. 

Beside the instruments ab^ady described, for measuring the angular 
disbuKe between the Moon and the Sun, or a fixed star, several others 
- have ^xea proposed for the same purpose, particularly the Megameter, 
by M. de Chamieres, which is constructed on the same principlt 
as the object glass of the micrometer^ but since this instrument 
does not meaiure angles above 10°, and because the distances given 

in 
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fi) the Nautica! Alminac always exceed that quantity, m, therefore^ 
shall not enter upon a descriptioa of it, but refer to hit treatise, en- 
titled, Theorie et Pratique ties Longitudes en Mer, printed at Paris in 
1772. A descriptiOTi of Mr. Garrard's Antimeter, or Reflecting 
CircU, may be seen in his pamphlet, published in 1785 ; and in the 
article Antimeter, by the Author of this work, in the Supplement to 
the Encyclopedia Britaonica. 



CHAP. IV. 
Of the Makher of taking ammpUteSet ofLvmti Obsertations. 



J. N order to take a set of lunar observations, In a regular and accu- 
rate manner, three assistants will be necessaij, whereof two are to 
observe the altitudes of the Moon, and of the Sun or star, at the same 
time that the distance is taken by the principal observer } the other 
assistant, having a watch showing seconds, is to mark the time when 
these observations are made. It the Sun or star is at a proper dis- 
tance from the meridian, the time may be inferred from the altitude 
observed at the same time with the distance, and, therefore, the watch 
is not necessary; but if the object with vriuch the Moon is compared, 
be too' near the meridian, the watch is absolutely necessary, in order 
to connect the observations for ascertaining the apparent time at the 
ship, and the longitude, with each other. This last assistant must be 
provided with a pencil and paper, to write down the observations as 
they are taken, which may be as follows : 

ITie sextant and quadrants being accurately adjusted, or the error 
of adjustment found, set their indices to the estimate distance and al- 
titudes respectively. Now, let the principal observer place his assist- 
ants in the most convenient situation possible, and desu-e them to be 
prepared when he is ready to observe the distance } then all are to be- 
gin to observe at the same time, and when the principal observer hat 
brought the nearest limbs of the Sun and Moon, or the enlightened limb 
of the Moon and a star into contact, he is to ask the other observers, 
if they are all ready ; and being answered in the affirmative, then, aa 
soon as he has obtained a perfect coincidence of the limbs of the ob- 
jects, he is to make itknown to his assistants, by calling out any par- 
ticular word, as now, or done. * — ^The person having the watch ia 

• The Ficnch call out lop, whkhlsts the nm* import. 
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immediately to write dows, first the secood, and then the minute of 
observUioQ, the hour being previously marked ; the principal obserrer 
is to read off the distance, using the magnifying glau, which he is to 
communicate to the time assistant, that it may be wrote after the time 
of observation. The other assistants are) in like manner, to report the 
observed dtitudes of the limbs of the objects separately. Hence, a 
complete set of observations is obtained. In this manner, let these 
observations be repeated, till at least four or five different sets are ob- 
served, which may be easily accomplished in the space of 6 or 8 mi- 
nutes ; and these sets ought to be taken at nearly equal intervals of 
time. The mean of each particular observation is to be taken -, that 
is, the sum of each is separately to be divided by the number of sets ; 
and the longitude of the ship is to be inferred from thence, in the 
same manner as from a single set, but much more to be depended on. 
To illustiate the above, the following observations, taken in the 
manner described, are subjoined. 

S Mirch 9,I7Bff- Heiehi of the ere I ■ (bet. 

Time) per witch. Dw.Quul Ii'inareKliiobi. Alt. } 'tup. limb. A1t.O'>'*>*- I'oi''- 

Mb. •' 31 71° itf lO* — — U" i' — — a*' sff 

11 is — — — Si JO — — 10 a' — — as i 
IS IS — H o — . — i« 41 — — as s 

18 a« — — — S4 so — — aa IS — — sj is 



The astronomical method of reckoning the time has been followed, 
in order to make it agree with the Nautical Almanac. The mean of 
the above times reckoned oautically would be, March 3d, ilh. IS' 56^, 
A.M.i and if the above mean had been March 3d, Ih. 13'; then, by 
the nautical account, it would be, March 4th, Ih. 13', P.M. Hence, 
in the present case, the astronomical method of reckoning time seems 
preferable to the nautical method. 

An expert observer may, in case of necesuty, diminish the number 
flf his assistants, and might even he capable of making all the necessary 
observations himself, with a tolerable degree of accuracy, as follows: 

Let two or three altitudes of the limbs of the Sun and Moon be taken, 
and write down the time of each ; then observe five or six distances be- 
tween the limbs of these objects; and lastly, several altitudes of each 
are to be again observed. Now, find the mean of each particular set 
of observations, and reduce the altitudes to the time of the mean dis- 
tance, which may be done by even proportion, the motion in altitude 
being supposed uniform during the interval between the observations ; 
and hence a com[dete set will oe obtained.' 
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The feUowing obacrvattotu being given, it is required to reduce the 
altitudes to the time of the mean distance. 
Timet pel waich. 

o,h.ii'ai"Alt.G'»'-''nib=s*'' - 

j» «i — — i« » >M«ani, o,b. a»' a?"— M* 5* 



97 90 All. yt 

OS 44 — — 

US 4S ~ — 



o,h. m' «"— ' 



78 14 i 
7a 144 I 
73 .4jJ 

Alt. Xi'aup. limb 90 37 ') 



sAlt.Q'» I. limb S3 S4"l 0,h. ai'M"— S3^ »f,7 



41 la Alt. D'aap. limb 
49 so 



Sun's aliHuile tt oh. as' 37" — ^ — i* i 

■ Rcduoed altitude of Sun'i lower limb — »3 67 
•,h. at' 47" — o,h, 41' 47" — aC a'j 
cb. 43 14 ^ o,h. as 43 — ai 4.a 

13 17 » SO 11! to' J 

Moon'taliiiude at <)b. aa' 47" — — — 90 3,i 

Reduced aliititde of the Moon's upper limb — — 30 gt.ij 
We have now obtained the following set of observations : 

Timeip. wstch. Di 
o,h. 3a' 4»" - - 

One set of altitudes of the Sun and Moon would be sufficient, pro- 
vided the azimuths of the objects be known,f as then the change of 
altitude, in the interval between the observations of the altitude and 
distance, may be found by computation as follows : 

To the constant lojjarithm 8.S239, add the log, secant of the lati- 
tude, the log. co-secant of the azimuth, and the proportional logarichn^ 
of the interval of tjme between the observations of the altitude and 
distance ; the sum, rejeciing radius, will be the proportional logaritlun 
of the corresponding change of altitude. 

• Whtn iheobjcct inncir ihe metidian.Mihc Sun in the preienieMmple, the change 
of altiiuOi' is not piopoiiionable to [he limp. However, ai thex (Uitadea aie id be uaed 
only in clciring the ap,nT;ni diitance, and because no material error can aiiie in the <fit- 
(ance, Iroiii an errcr of a few minum in tbeililiudc; Iherefore, ibe nile ofpropotlkia 
ivili be Et:il found <ulfiuietiil7 accurate for the above puiposc, when the interval of time 
it sburt. The change of altitude may be moie accurately computed by the rule given in 
the le»l. 

f Sine of azimuth = aecant altitude Co-*ine latitude, &ia« dial, ebiect bom tlw 
meridan, to tadiui 1. 

If 
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if the Son u near the meridian at dw time wh«ti the dittaiice » 
•bserred, the appareot time cannot be de-iced from thence with a 
nifficient degree of Bcctincft if, therefore, the error of the watch i* 
not known, altitudes of that object, when at a pn^r distance from 
the meridian, should have been t^en before the obserratioii of the 
distance, or must be taken afterwards, for the express purpose of a^ 
certaining its emu*. The apparent time mi{{^t, indeed, be inferred 
from the Moon's altitude { but, for several reasons, it is not so much 
to be depended upon, ac that deduced from tiif Sun's altitude. 

If, in places where the ^un rises and sets daily, the observaciom art 
taken any time between half an hour after sun>nse and ten o'clock in the 
fotenoon, or betweoi two in the afternoon, and half an hour be(bi« 
sun-set, the sqiparent time'may be inferred &imk the Smt's altitude. 
In this case a watch is not absolutely necessary. 

A set of observations may be taken with accuracy during the time 
of the evening or morning twilight j and the observer, though not 
much acquainted with the stars, will not find it difficult to distmguish 
the star with which the Moon is tD be compared ; for the time of ob- 
servation, and the ship's longitude by account, bang known, the esti- 
mate time at Gre^iwich may be found ; and by entering the Nautical 
Ahnanac with the reduced tmie, the distance between the Moon and 
the given star will be found nearly. Now, set the index of the sextant to 
this distance, and hold the plane of the instrument so, as to be nearly 
at light angles to the line joining the Moon's cusps -, then, having 
found the Moon in the silvered pait of the horizon glass, give the sex- 
tint a slow vibratory motion, the axis of which is that (rfvision ; and 
the star, which is usually one of the brightest in that part of the - 
heaven^ will be seen in the transparent part of the horizon glass; the 
Moon, by the ;d>ove motion, apparently moving alternately up and 
down with req>Gct to the star; But if the star is known, &om which 
tha Malm's dirtance is to be observed, the most convenient, and, at 
the same time, the most expeditious method will be, to find the Moon 
in the nKered part of the horizon glass, die index being at zero, and 
then to move the index until the enlightened limb of the Moon is in 
contact with the star. — Sec page 69. 

In many places of the Earth, the Snn and Moon will be nearly in i 
vertical position at some particular time of the day ; when they are 
in this situadon, and the Sun highest, the distance between them may 
be observed widi greater accuracy than in any inclined positicm : 
after new Moon, oe Sua will be highest before noon, and before new 
Moon, in the afternoon. This is also applicable to the distance 
betwcAi (he Moon and a star, the Moon being highest. 

1q taking the means of the several observations, those which are evi- 
dendy douttful, or erroneoos, ought absolute^ to be rejected. A 
donbtM altitude or (bbtance may be easily discovered, by observing, if 
die saccttsivedificreiwea of ahttude or di^ance be proportional to those 
•ftfae timn of obs»vation,whidk an *ti]^>osed to be accurately mark- 
ed. If, bowrver, tbt taw, and two of tbt other observations be 

TOt, I. M Bouect, 
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oorrect, the em>r of the third may be inferred, by the method given in 
page 62. It may also be observed, that in order to atcun the greatett 
accuracy in deducing the mean irom a series of observations, they 
ought to be taken at, as nearly as possible, equal iutervak <^ time, as 
mtet otu and a ha^, or two minutes. 



Of the Correctimi to he appUett'lo Ike Altitude of an Ohwct observed 
at Sea, and to the observed Distance between turn Objects. 



X HE altitude of the limb of z celestial body, observed at sea^ 
quires four separate corrections, independent of those arising from 
the errors of the inacrument, in order to obtain the tnie altitude of 
its center. These are on account of the ."emidiameters, Depressim 
of the Horizon, Re&action, and Parallax. The semidiameter and 
Mrallax, however, vanish, when the observed object is a fixed star. 
The distance between the limbs of the Sun and Moan, or between a 
star and the Moon's limb, if affected by refraction and parallax ; but 
the distance between two stars is affected by refraction only. 

OJ'Jhe Seuidiihstbrs i^lhe Sun, Moon, and Planets. 

The semidiameter of the Sun is given in the Nautical Almanac, 
page III. of the month for the instant of apparent noon of every sixth 
(lay, and that of the Moon in page Tit. to the time of noon and mid- 
night, by the meridian of Greenwich. These semidiameter* may 
be reduced to any intermediate time, and to any other meridian, by 
proportion. 

The Moon's semidiameter, as given in the Ephemeris, is the ang^ 
under which it would be seen iriien in the horizon, or from the cen- 
ter of the Earth-, but the apparent magnitude ofan object is inversely 
as its distance from the observer ; and smce the Moon u nearer an ol^ 
server, by a complete semidiameter of the Earth, when in the zenithj 
than it is when in the horizon ; and because the semidiameter of the 
Earth has a sensible ratio to the distance of the Moon from itf center, 
the semidiameter of the Moon will be apparently increased by a 

quantity equal to -■- , ^- r: r^ wherein / is the horizontal semidi*- 

meter of the Moon. This quantity is called the greatest augmentation ; 
and the au^entation at any given alutude w^l be equal to the sine 
of that altitude, the radius bemg the greatest augmentation. Table 
XXXI. contains the augmentation of the Moons semicUameter, to 
every third degree of apparent altitude of the Moon ; and Table 



D„;,:cc ..Google 



[ n ] 

XXX. contains the aagtnentation adapted to tbe ahitude of the Mooiif 
and to the loDgitude of the non^eaimal, which b useful in the 
calculation of ecupses and occultattont. 

The distance of the Sun from the Earth being immense, when 
comjpared with the Earth's ndiiu, the augmentation of the Sim's 
semidiameter js, therefore, insensible. 

When the altitude of the lower limb of the Sun or Moon i> 
observed, its semidiameter must be added thereto ; but if the upper 
limb be observed, the semidiameter must be subtracted, in order to 
obtain; the central altitude. The contrary rule is to be ^iplied to 
altitudes taken bj' the back observation. In altitudes of the Sun, taken 
for the purpose of ascertaining the latitude, and when no great preci- 
sion is required, 1 6 minutes may be allowed. If a greater deeree of 
accuracy is sought, the semidiameter may be taken &Qm the ^fautical 
Almanac to the nearest tenth of a minitfe. But when altitudes art 
observefl at land with a good instrument, the semidiameter is to t>c 
taken out to the nearest tenth of a second. 

If the distance between the nearest limbs of the Sun and Moon is 
obsa^ed, their apparent semidiameters must be added thereto, in or- 
derio obtain the central distance. If the nearest limb of the one of 
these objects is compared with the remote limb of the other, the ap- 
parent semidiameter of the first must be added to, and that of the s^ 
cond subtracted from, the observed distance. If the distance between 
the Moon and a fixed star be observed, the Moon's augmented semi- 
diameter must be added to, or subtracted from, the observed distance, 
according as the nearest or remote limb of the Moon is compared 
with the star. 

The apparent semidiameter of a planet is variable. This variation 
depends on the distance <^ the planet from the Earth ; and since the 
apparent semidiameter of any of .the planets never exceeds half a mi- 
nute, the altitude of the cento- may, dierefbre, be observed with suffi- 
cient accuracy. K fixed star has no sensible magnitude, even when 
viewed with a very powerful telescope. 

Oftlie Dbpbession of the Horizon. 

The depression, or, as it is commonly called, the <Jt)} of the konztmt 
b the angle contained between the sensible and apparent hMizons, the 
angular point being the eye of the observer. 

Since the altitude of any object, observed at sea, b measured from 
the apparent horizon, and as this horizon is below the sensible, by 
a quantity depending on the hdght of the eye, the altitude of a ce- 
le^ial object, as taken by the fwe observarion, b therefore greater^ 
but less when the back observation is used, by a quantity equal to the 
angle ccmtained between these horizons. 

Illustratioh. 

Let ABD, (fig. 21.) be a section of the Earth, whose iJane pro- 

dnced passes throi^h the observer and object, and let BE be the height 

•f the obiervei's ere above the Earth's *wfa«e > h«Dce FEG wiU bt 

. ,Jc 
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the sensible honzoti, EHI the apparent horizon, snd therefore, the 
angh ^I the depressitKi of the apparent, below the sensible horizon. 
Let O be any ebject whose altitude is to be observed, which is dMW 
by bringuig Its image in contact with the ray from the eye to the ap- 
parent horizon fM^uced ; and therefore the angle OEI is the observ- 
ed altitude, being greater than the angle 0£F, the altitude unaflect- 
ed bydipi by the angle FEI. In the hack observation, the obserreJ 
akttude IS OEK, to iriiich dte an^leHEF ~ GEL must be added, to 
•btain the altitude above the sensible horizon F£. 

The dip may be ctnnputed by the following nJe. 

Tq the constuit logarithm 0.43S6, add the int>portional logarithm 
•f the height of the eye above the sea, in feet i half the sum will be 
the proportional logarithm of the dip of th« horizon. 

EziMPLB. 

Required the Dip ofth* Horixon, antwer'mg to an Elevation of 100 
Fwt above the Surface of the Sea f 

Constant logarithm, - - . 0.4S36 
Given height, 100 feet, = 1' M" F. L. 2.0334 

Sum 2.4570 
Dip of the horizon, lO'38''P.L. - 1.2285 

The dip is ailected by Terrestrial Refraction, which, according to 
Dr. Maskelyne, amounts to about one tenth of the whole; Bougucr 
and Lambert suppose it to be ^ and -^ respectively ; this last is also 
what M, le Gendre deduced frc«n several experiments.* According to 
General Roy, it vanes fi-om ^ to ^ of the comprehended arch rf- and 
later observations have shown, that it v^es from ^ to -j^ ;| and that. 
It a mean, it may be taken at -^ of the contained arch || . 

Since the figure of the Earth is that of an oblate spheriod, the radim 
•f curvature is, therefore, variable with the latitude ; it hence follows, 
that, speaking strictly, no single table of dip can answer in all places.— 
Tables of dip shouldbeconstructed,so3s to ansvrerto the latitude of 
the place, and azimuth of the observed object. It, however, may be 
observed, that the diS^'crence of dip arising fr'om the above cause, iisft 
inconsiderable, as to have been hitherto neglected. 

Of Refkaction. 

He refraction of any celestial body is the difference between iti 
»K>arent place, aiul that wherein it would beseen,if thentacebeCwem 
the observer and olqect was either a void, or of an unirorm densityt 

• Mnnoirri Acid. ScienceipoDi)7B7. 

f PhiloioiihlolTraDMClioni for lf»o, p,lU. 

t Ditto Ibi i;g7, ptgeiias, 400. 
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The fint person who appears to have written on refraction is Al Hir 
ten, an Arabian, about the year 1080 i and the first who constructed 
a table of refractions, and applied that table to the practice of aitrono* 
my, was Tycho Brahe, towards the year 1570. 

The course of a ray of light &om any luminous body is rectilineal, 
while it moves through a medium* of an uniform density. If a in»> 
dium of a different density be interposed, the ray will be bent from its 
original conrse at the junction of the two media, and assume a new 
rectilineal direction, provided this last medium be <^an equal density 
throughout ; but if the medium be of a difierent density, and so as 
to become either more dense or continually rarer, the ray will describe 
a curve. Now, the den^ty of the atmosphere increases^ as it ap* 
proachcs the Earth's surface ; hence, a ray from any celestial body wil| 
. describe a curve, in passing through the atmosphere to the eye of an 
observer; and the angle contained betwcoi the tangtmt of this curve at 
the eye, and a straight line froia the eye to the oqect, is called the 
Refraclhn. 

iLLTOTUTIinr. 

Z,et the circle ABC (fig. 23.) represent a section i^ the Earth ; 
DEP the surrounding atmospher*-, S the apparent place of a star ; and 
R. the point wherein it would be seen by an observer at A, if the in- 
tervening space was a void, or of an uniform density : no** let the 
ray RD be incident on the surface of the atmosphere at D, which, 
therefore, instead of proceeding in a rectilineal direction to E, will be 
ivfracled to A in the direction of the curve DA, because the density of 
the atmosphere increases as it wproaches the Earth's surface ; hence, 
an crfwerver at A will see the object at S, the line AS being a Ungent 
to the curve at A. The' arch RS is called the Refraction of the objea 
m altitude, and is evidently to be subtracted from the observed 
altitude, to obtain the true. 

Since the refraction is greatest at the horizon, and as it decrease* 
very rapidly as the altitu£ increases ; therefore, the Sun and Moon, 
wh«i in or near the horizon, appear to be of an elliptical figure.f Upon 
this account, therefore, a correction becomes necessary, when the 
distance between the Sun and Moon, or the Moon and a fixed star, is 
measured in any other direction than that parallel to the horizon ; the 
Sun or Moon being supposed to be near diat circle. This correction 
it contained in Table xxzii. 

Physical Ctaise of Refraction^ 

Lbhma 1st. — A ray of light from any luminous object moves in a- 
nctilineal direction, in a medium of an uniform dmsity. 

" Aay transpaienl fubiunce, as tbe tnnoqifaerc, witcr, glus, Ac. ii cslled ■ niedluni. 

t For acCDUnu ol some eery remaikable rficcti of the refraclion nax Ihe hariitin, ihe 
Mder it referred )□ a paper, by Captain HudiUn, inihePhil. Tnntacuoaifati}97, part 
I. ; to aoathei, by Mr. Latham, in the Traniaclions fbi 179^! ■nd to k third paper, b/ 
Mr. Vince, in the Tiausactioni (or 17D0, pan I. See also Br. Hutlon'i Dicuoniry, n>l. 

"" "" Theauthorba al»aob«r»ed nuof remarkable Instance* of rehractjon, 

lbs pmaockiMy ciUe4 BurtMiuiat, on tba £hC MtHotScodaiKt. 
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Sd.— A ray, passing out of one medium into uiother of a different 
density, will be bent out of its rectilineal directioo, at the junc- 
tion of the media i andif the medium from which the ray proceeds 
be rarer than thu into which it enten, it Mil be attracted towards 
the perpendicular at the point of incidence, i his is evident, from 
the coune of a ray out of air into water, &c. For the proof of these, 
tbe writers on optics maybe consulted. 

It is demonstrable, that every body is endowed mth an attractive 
power, which reaches to some distance beyond its sur&ce, as that of 
Cohesion, Magnetism, &c. Now, a ray of light from any of the hea- 
venly bodies will, as its entrance into the terrestrial atmosphere, be 
attracted towards the denser parts ; and since tbe density of the - at- 
mosphere increases, the nearer the Earth's sudace, therefore, the ray, 
as it approaches the observer, will be more and more attracted, its 
velocity accelerated, and of course its rectilineal direction changed. 
Hence, that portion of thf ray contained between an observer and the 
extremity of the atmosphere, will be a curve, except in that case, 
when the ray is perpendicular to the reiracting medium. 

Several eminent mathematicians, particularly Messrs. BoumoijlU, 
Bouguer, Euler, Mayer, S6jour, Simpson, &c. have investigated the 
bw of this curve, and have givei^niles for computing the refrac- 
tion corresponding to any given altitude. We are, however, in- 
debted to uie celebrated Dr. Bradley for the fbllovnng rule,* which 
he deduced from his observations ; namely. That the refraction at 
any altitude is to 57", in tke direct ratio of ike tangent of the appa- 
rent zenith distance, lessened by three times the estimate refraction to 
the radius. If a greater degree of accuracy is required, me compu- 
tation must b^ repeated, using the refraction thus found, in place of 
that by estimation, or uken from the tables. 

Example. 

Required the mean Iiefraction,f answering to !0f* of apparent Altiiiuie, 
the coTresfonding Refraction by Cassmi's Tables being 5' 28" P 



Approiimau itUictioa, • - s i< 

A 

10 o a Coniuiii lof.' 3.9771 

Sum, la li 43 TingCM, • t-aSTS 

Mctn icbactioD, - - . j ij P. L«c. • i.sssa 

K 

• KiplaaitioD and Uie of Di. Mxkeljne'i Astnuioiiiical Tsblci, fgt s. Rcqobite 

Tibin, m. edit p. I'jg. , ' 

f Tbe mcsD icbtetioa, aatwerins lo tnjr !<**» snxvmt sliitode, may be conipiMcl 
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If the density of the atmosphere remained conitantly the same, it 
might be naturally concluded, thdt the refraction answering to any 
given ahitude would also continue invariable ; but this is by no means 
the case ; for it is foimd by observation, tliat the density of ti.o atrro- 
sphereis variable, and, according to the experiments of Mr tiauslc'ice 
and others, the refractive power is found to be proponionabie to 
its density , but the density ol the atmosphere is directly as i^s com- 
pressing force, and inversely as its heat : and ^ince the weight and 
heat or the atmosphere are shewn by the barometer an.I tiiermometer 
respectively, it hence toilows, that the mean leirar 'on m.:v oe 
reduced to the true, by allowing for the difference between tiie a,-ijai 
and mean heights of the mercury in these mstruments. 

The refractive power of the atmosphere is as its weight, wl-ile i's 
beat remains the same ; hence, if a table of refraction be adapted to 
the mean heat of the atmosphere, as 55°, and to a given altitude of 
the barometer, as 30 inches, then the mean refraction will bo !o tw 
true, as AO inches is to the observed height of the barometer,* tiie 
thermometer being at 55^. 

1 he chanpe of refraction, arising from a given change i^ the heat 
of the atmosphere, is determined by observation. M, de la C-i 'i; lia-^es 
the change of refraction, answering to a change of i'j" in Rem.n.ij'j 
thermometer, to be tV of the whole ; M. Mayer makes this change 
to be ^. According to Dr. Bradley, I he true rej'ract ton is to l/ie 

by the fi'llowing ruUj dcduc.-d fiom ■ foimiiln Ji"" *>* M. du S^jour, in the fiwt fal. of 
hisTrailE Analyliijuedcs Mouietoens ap-.'sreri'. dcs Cor(JsCle« rsii.OjS. 

Totneconsiimloj5. g.ouoiS-Jn.idQ ihe log ro-ine of ;he a[j|jaieni »!'ilude ; th'sim, 
nJBctiii); radiui, (iHU be the lag. cD4lnc of an srcti. One iixih of ihc ijiBe[cni:c tiLCKcen 
thUftfch and thoppareot tliiiude will be the tctrartiuu. 

El»MPI.F!. 

Let Ihe apparent altitude be 10°, required th< corrcspondin); [efraction? 
* CoDUani lojantlini, - - - • u rM3Sat 

Apparent ajiitude, lo" o* o'' - Co-ilns - CwjidAls 



• The mean refraction iia.Uptrd ti an at i-ude ■ f ho iti<V.r< i^f ibe barometer, and Sl« 
of Fahrenheit*! ihenniineirr If, ?liercfoie, ihf baroiix ;ci D. at ihe standard, but the 
tbermomeier higher iiiaii a", ii iM-vid.r -. the ni'icii'v in the barumeier will be ex- 

Ended, »ndeo:isequenily, the..htc.TvHnc.),ht wllc^tcol ttc itue;uihcrwise, ii will be 
ithanthe true h--i(hi. Awin.aiiur ihe e>.^a,:^,..n ... the mei«ir>- i) « its height ; 
hence the highei the buronu-rrt, -.hi (lalc.- is the rxi>sn-i.M answering W» given thanKe 
in the thermometer, 'l, Iheielorc, betumes netcssjiy m cuiiect Ihe obietrtd allilude 
of the t«« meter. 

ki« found, that the expansitmathemncurv in Ihe bnioinetet,»n«werinj[toB change 
otl iniheihermouietet, iidN.ut .-o.-iM ot an ji.di. Novr let llicdiftetence between the 
heiBDioflhelhcrmoniclerand ^s^hei-alie.' a, and lie observed height of the bacDraeleit. 
Then 1° ; b" ! : 0OJ04 : .ui, .I4a 

Hence, if a cyplitt b- pitfijuvi to liie <:',- , vd hsigl;, uf the baremelei, and the whole 
eomitleied ai > dtvimal, then the piuduci ol triis 4janiiiy by the ilecii.ial .101, and by ihe 
diftience between ihe height of the thermomcierand ^^^ will be Ihe correction ; which 
i* tdititiTo, wbCD ibe [htrmoroelei ii above ss°, oibeiwiic tubtraciive. 



:-.,,::■: Google 



C 88 ] 

9uam, in a direct ratio of the aitilnde of the barometer to C9.6 inches ; 
and in an tjtverse ratio of the altitude of the thermometer inereastd by 
iSOto the number ^OO. Agreeable tothisrule, Table viir, *as com- 
puted ; from which the corrections of refraction, answering to a given 
altitude of the barometer and thermometer are found by inspection. 

Since the altitudes of the barometer and thermometer, are observed 
at one extremity only of the curve described,by the ray, in its passage 
through the atmosphere ; it is hence evident, that tiiese correctioiu 
serve only to approximate to the true refraction. 

CyPiiRALLax.* 

That part of the heavens in which a planet or any celestial object 
woold appear, if viewed from the surface of the E.irth, is called its 
Apparent Place : and the point wherein it would be seen at the same 
instant from the Earth's center, is called its True Place. 1 he dif- 
ference between the true and apparent places, is called the Parallax 
in Altitude. 

Illustration. 

Let C (iig. S3.) represent 4he center of the Earth;, A the place of 
an observer on its sutiace, whose sensible horizon AE, true hcnizoB 
CF, and zenith Z ; also let ZK£F be a gteat circle in the heavens, 
and GHD the apparent diurnal path of a planet, arising from the 
rotation of the Earth. Now let the planet be in any point H of its 
diurnal path, then will I be its apparent place referred to in the hea- 
vens, and K its true pl^ce ; the difference between theseorthe arch 
RI is called the parallax in altitude. If the planet be in the zenith* 
its true and apparent places coincide, and therefore the parallax va- 
nishes ; but if the planet be in the horizon at D, then the arch LE* 
which is the measure of the angle LDE — ADC, will be the horizontal 
parallax. HencC) also, the horizontal parallax of a planet is the an- 
gle which the Earth's semi diameter, when viewed directly, subtends 
at that planet ; ami the parallax in altitude, is the apparent angular 
distance of the observer from the center of the Earth, as seen from 
theplanet's center. 

The more elevated a planet is above the horizon, the less is the 
pOTallaji, its distance from the Earth's center continuing the same< 
When die planet is in the zenith, it has no parallax, but when in the 
horizon, iti diurnal parallax is greatest. 

Since the apparent place of a planet is more distant from the zenidi 
than its true place, it is therefore evident, that the parallax in altitude 
must be added to the observed altitude, in order to c^ain the trtl* 
altitude oftbe planet, as seen from the Eanh's center. 



■ FMm iriifJAMfi;, iiffntntia. 



The horizontal parallax being given, the parallax corresponding to 
iny given altitude may be found by the following rule. 
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Meant of the apparem altitnde, add the proportioml.k)franthm of the 
horizontal parallax ; Oie sum, rejectiirg ntdiui, will be the proportional 
logarithm of the parallax in latitude. 



J^t the nppareiit vUltlude of the Moon's Center he 23' 32*. /md 
horizontal Parallax 58' 46". Required the Parallax in Altitutle f 

Apparent altitude, - 23" 32' - Secant, - O.0S77 
Horizontal parallax, - - 58' 46"?. Log. - 0.4861 

Parallax in altitude*, - 53' 53" P. Log. - 0.5238 ' 

The correction of the Moon'i ahitnde, contained in Table ix, itthe 
difference between the parallax and r^-action of that object in alti«- 
tude: if, therefore, the refraction at the giTen nlticude be takea 
fnxn the parallax, the remainder will be the correctioa of the Moon 
in altitude. Thus, in the above example, the 

Moon's parallax in altitude is, - < - 53' 53" 
refraction at alt. 23° 32', Table ti. —2 11, 

Correction of Moon's altitude, - - - 3 1 42 

Upon account of the rotation of the Karth, its figure is that of an 
oblate spheroid ; the equatoreal radius is, therefore] the greatest j the 
polar semi-axis is the least ; and the other radii are of an intermediate 
ienKth, depending on the latitude of the place : and since the Moon's 
horizontal parallax is thi; angle under which the Earth's semidianieter 
aj^urs at the Moon, it hence follows, that the horizontal parallax of 
the Moon will vary with the latitude, being greatest at the e<iuator, 
and least at the poles; but the horizontal parallax of the Moon, as 
given in the Nautical Almanac, is chat answering to the equatoreal 
radius, and, therefore, in order to reduce it to any given latitude, it 
must be dinuniiihed by a certain quantity 1 able xxxiii. cwitaint 
this quantity, agreeable to Sir Isaac Newton's hypothesis. 

Summary nfike Corrfitions, 

When the altitude of the lower limb of any object is observed, its 
scmidiameter is to be added thereto; in order to obtain the central 
altitude; but if the upper limb be obsCTved, the semtdiameter is to be 
sub:'-acted. If the altitude be taken by the hack observation, the 
contrary rule is to be applied. 

• Tlw psrallix in iltiiuile tn»y be founit wiih tofflcleni irciinu?, lor trytnX purpom, 
fajP(rn(cnngali>*erKiiibk,wi(h iheMoon'* iliilmk tikrnmi «cou™ci»wtibe diflereiKe 
of Ittiiude, SQiwcriBc 10 (he horliouial tnnilu luuud in » disunvc culuiaa, will b« 
^tbe p»i><Ux in kliiiuilc. 

VOL. t. N - Thf 
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Thvdtpiatebembtnctad from, of aided to, the otMervedaltttiid^ 
tccsnlmg n the fore or back observation is used. 

The rrfraction is aJTafs to be subtracted from, and the parallax 
added to, the observed altitude. 

If the distance between the nearest limbs of any two ' objects be 
observed, that distance is to be increased by the sum of their 
Semidiameters ; but if the remoteJimbs be obsertred, the distance is 
to be diminished by the above sum. If the Moon's enlightened limb 
b to be compared with the nearest and remote limbs of the Sun 
alternately, half the sum of these distances will be the distance between 
the Sun'scenter andthe Moon's enlightened limb. The distancebetMeen 
a star and the Moon's nearest limb is to be increased by the Moon's 
apparent semidiameter ; and the distance between the Moon's remote 
Hmb and a star is to be diminished by the Moon's semidiameter. If, 
It the time of full Moon, both limbs of the Moon be compared with 
a star, half the sum of these distances will be the apparent central 
distance between these two objects In like manner, if the distance 
between the Moon's enlightened limb, and the nearest and remote 
limbs of a planet, apparently fiill, be observed, then half the sum of 
these distances will be the apparent distance between the Moon's 
enlightened limb and the cento- of the planet. If the planet be not (lilit 
and the dbtance between the enlightened limbs observed, allowance 
is to be made for the planet's semtdiameter : this may, however, be 
avoided, by observing the distance between the Moon's limb and 
the planet's center. Tt may be observed, that the discs of the planets 
twyood the orbit of Mars, are, in general, observed to be circular, 
mich arises from their great distance from the Sun, with respect to 
|be Earth ; Mars appears sometimes gibbous ; and .Venus, when 
bri^teft, has the form of a crescent, and, when having this aspect, 
the distaftce between the hmbs of the Moon and this planet is^to be 
tbserved. Mercury is too seldom seen, so as to be used with the 
Mood tn ascertwung the longitude. 
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The Method of fading (A* lAngiiuJe at Sea or Land ly hunat 
Observations. 



CHAP. I. 
Intaoduction. 



XF the latitude andkmgitiKieof ariiipat sea were aceuntelf known, 
the conns and distance tbereEroin to any riven port mij^ht be eacily 
deduced by charts or otherwise. The latitude is ascertained from 
observation ; but the common method of deducingthe ship's longitodtft 
from the course and distance made good, is it b^ oidy an approsinia- 
ttott to the trutl), and, at the end of the voyage, tbe accuflnttatid 
error is sometimes very considerable \ having, in a run from Britain t« 
the West Indies, been found to exceed eight or ten degrees. It bas^ 
therefore, been the wish of the practical navigator, and of every a^ari' 
time nation, to have some certain method ^ ascertaining the longi* 



tude of a ship at sea. In order to obtain so nsefiil a discoTerr, scvtfal 
very considerable rewards have been offered to any person who wtMld 
give a method, by which the ship's longitude nugm be dMnsiMitd 



within proper limits, aa often as may be necessary. 

The lirst who offered arewardforthediscofnyoftheloDsiMd^M 
iea, was Philip III. of Spain, in the year 1598, and soon an«r, tlst 
States of Holland followed his example! The rcrward cStxtA bf 
Philip was 1000 crowns, and th«t by the States 10,Q00 florins. Ib 
the year 1714, the British Parliament offered a premium <^ eo,000£ 
for any method by which the loagittsde C0Bld> at all times, bedatcpt 
mined at sea within 90 miles) 15,000J. if tbe proposed method gave tb4 
longitude within 40 miles; 10,000/. if within one degree, or fiO 
geographical miles. This part, however, of tbeaot was repealed, and % 
new one framed, to take place after 24th June I774j of whichthere is 
an extract at the beginning of the Nautical Abnuiac t and in 1716^ 
9 rewvd of 100,000 hvres was promised by the Duke of Orleans* who 
was then regent of France. In consequeoce of which many apd 
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various methods have been proposed to solve this important problem ( 
of these which have httherte appeared, that by observing the distance 
between the Moon and the Sun or a fixed star, seems to be the mosC 
proper for this purpose, both on account of the frequency of the 
observations, and of the shortness of the calculations. 

John Werner of Nuremberf; appears to be the first vho proposed 
the method of finding the longitude, by observing the distance 
between the Moon and a star, in his annotatioitr on the first book of 
Ptolemy's (ieography, printed 1514. He recommends the cross staff 
as a very proper instrument for the purpose of observing the distance 
between these ol^ects. j 

This method was recommended fay Oronce Fine of Briancon,* in his 
book De Invenirnda Longiludine ; and again by Gemma Frisius, in 
his treatise, entitled, StTUcluTaSadUAstronuniici et Genmelrici, printed 
at Antwerp in ]£4'5, which usually accompanies his edition of Appian's 
Cosmography. At folio 39th, he expresses himself as follows, " Sed 
ijmtid'u Jere, si quis velil longilmlinem loci alicujtts pcrquirere, is 
ttitigenter mvsiJeret btnee distontiam ah atiqiio sidere, tydcre Jir~ 
matnentoperradiutn noitrum. Italameiiut ilia tteila furatecundum 
rectum ecllpticee ductum, limam, prtBcedit ant sequalw*" He theR 
proceeds to show how the Moon's longitude is found from the above 
observation, and directs the apparent time of observation to be infer- 
red from the altitude of the star observed at the tame instant ; the 
Moon's longitude at this time is also to be computed from the best 
astronomical tables. Hence the diS«reiKe between the observed and 
computed longitiidet of the Moon will be known ; with whicti, and 
the Moon's horary motion, the difference of lon^tude, between the 
place of observation and that to which the tables are adapted, maybe 
found. 

. The celebrated Kepler was fiilly p^^uaded of the utility of this 
method of finding the longitude at sea. In his Rudolphine tables, he 
gave directions for observing the distance between the Moon and a star, 
and fn-, making the necessary computations, nearly the same as those 
nven by Genun&Friaius. "pus mediod, or rather that'by observing the 
di&rokce i^ longitude b«tween the Moon and a fixed star, is described 
by Christian Longomontanus, in his Aslronomia Daniea, printed 
at Amsterdam, I6^,inpage 194,/>drr alttra. He directs the ooservA' 
tion to be taknt when the Moon b in or near the nonagesimal % 
because, then, t^e parallax in longitude either vanishes, or is very little; 
and the Moonis in this. position, when a line joining the cusps is 
perpendicular to the horizon. In the following page, he applies this 
method to an exanpU of an observation of the difference of longitude 
between the Mooti and Aldebarim. Longomontanus then gives a 

■ BnitljiMM tjfTf 4Kft if any one withe* to find (m the toimtude of ui)r place, let 
hiDi cucfullj' obwne itw diflliDCe 'oCific Mouo fnxn aoj MU in the bencin by ncani 
of oai wdiut I j'K in (DcttBanon «■ (twt Mat oaay ciibw pTKcdc, m fallow ib« tAoaa, 
in tlK Jiiic it the ccUplie, 

catalogue 
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catalogue ofthose stars*, with which the Moon ts'to be compared. He 
next describes the cross staff, improved so as to observe the difler- 
•nce of longitude between the Moon and a star; and, tn page 197, 
illiutrates the same, by^ a figure of a person observing the diflerence 
of longitude between the Moon and Aldebaran. 

Mr. Blundevil describes this method of ascertaining the longitude at 
■earin his Exercises, page 3dlf, the invention of mich he attributes 
to Appian. It is also taken notice of by Carpenter in his Geography, 
printed at Oxford in the year 163.?, wherein he says, Thii watf was 
taugia byAppian, iUusUaleJ by Gemma FTi»iiisaadBiandevii%. He 
then proceeds to describe the manner of observing the distance, irom 
whence the longitude of the place of observation is to be inferred as 
formerly. He concludes as follows : Tkltumy, though more diffieuU, 
way seemf better than all the rest, for as much as aa edipie of the 
Moone teldume happetts% and a watchy clocke, or houre elass cannot so 
well bee preserved, or at least to weU i>bserved in loiong a voyage : 
wbtreas every night may seeme to give occasion to this eiperimeni : if 
so bee the ayre bejreedjrom clouds, aad the Moone shew her face above 
thehorivm^. 

M. John Bapttste Morin, professor of mathematics at Paris, 
improved the above method ; which, by order of Cardinal Richlieu, 
was examined in iGS*. It was, however, judged to be incomplete, 
upon account of the imperfections of the lunar tables. Morin there- 
fore wrote against those appointed to examine bis method, particulariy 
M. Pierre iKiigone, who had proposed several methods of finding 
the longitude, in the fourth volume of his Course of Matluvtatics ; 
wluch methods Morin endeavoured to confute. An answer was given 
thereto byHerigone,at the end of the fifth volume of the above work, 
printed at Pans in 1GS7. Although Morin did not obtain the 
reward he claimed for his improvement of the above method, yet, in 
1£4a, Cardinal Mazarin procured him a pension of 2000 livres. 

A method for the above purpose was now much desired inEngland. 
The Royal Observatory at Greenwich was founded by Char^ IL 
in the year 1675, and Hr. Flamstead appointed Astronomer RoyaL 
'Ilie words of his commission were. To apply bimself wllb the utmost 
care and diligence to the rectifying tbt labia of the motions if tie 
btavenSy and tbe places of tbt fixed stars, in ordtr to _find out the se 
wiuet desired longitude at sea, for ferfeciing the art ^navigation. 



f Tlw 4th cditHM of ihii wotk wn ptinud in Umdon in IBIJ, uxt the 7ih in idsd. 
Tbc tiUcof tbc chapter in which (hit mtlhod u dcscribcit'i*, " AnotlMtiny uughl bjr 
A|ipiuiU find oui itir loDfCilude of Mny fjlicc wilhthc CrusM StaRe, b> knowing the 
diiuacc betwiu ihe Mooot knd Kunc knowne Swria tbat ii liiuMCd nicb uuui th« 
ecli)ni(|ue liM. TbU lut WMd ii umitRd id Ih* scYcntll cd:(iMi. 

t GMgnpluc Ddinmcd, *c. put 1. t^fg iMi, 

i P*. pift St*. 

Among 
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. Among all the celestul objects, th« Mood, upon account of 6te 
quicfcncM of its motion, appears to be the best aoapted Sm- the above 
purpose. Any method, however, depending <m obserrations of the 
Moon, which were to be compared with lunar tables, was' werj un* 
certain, as long as those ublei remained so inaccurate. Tie longilndey 
sxp Mr. FkunKead*,ffli^<if ht alio atiimud by obitrvaliotu o/lieMoorif 
if we bad fables thai would ansivtr ier moliont exactly; butafttr 
2000 yean, we find ibt bast tablet extant erriag tometinut IS minulet 
ormore in btr apparent plaet,vjbicb would eOute a fauHof half an btuTt 
or 7 j degreei w the longitude deduced, by comparing ber place In the 
heaveni wiib that given by the tablet. 

In 1698, Ur. E^dward Harrison, a lieutenant ia the navy, 
pnbli^ed his Idea Lrmgiludims, in 98 pages 12mo, tncluding the 
preface, &c. in which he mentions the methods of finding the 
longitude by the Moon's motion, by automata, magnetic variation, 
and by the eclipses of Jupiter's satdtites. 

That justly celebrated astroowner and navigator. Dr. Edmund 
Hallcy, recommended observations of the Moon, as the most certain 
. method of ascertaining the Iwieitude at sea, having, \rj his own 
experience, found the impracticability of all the other methods proposed 
for that purpose. He gave an excellent paper oo that subject, in the 
Philosophical Transactions, No. 4W, wherein he shows the defects 
ofthelunartablesthen extant. By comparing the place of the Moon, 
as givMt by the tables, with that deduced from observation, he fbdnd 
the errors of the tables recur with grert regularity at the efid of 19 
years 1 1 days ; *o that whatever error w«s found in a former period, 
the same error was ae;ain repeated, under the like circiimsfances, of 
the same distance of the S^Km from the Sun and apogeon. Being 
encouragedbythis,henext examined what differcDce might arise from 
the period of nine years wanting nine days ; in which tnne there are 
performed very nearly one hundred and eleven lunations ; btit Ihe re- 
turn of the Sun to the apogee in that time, differing above four tidies 
as much from an exact revolution, as in the period of eighteen years, 
a like agreement was not to be expected. Having, however, entered 
upon the 10th year of his observations of the Moon's transit, he com' 
pared his late obsovaticMn of I7S0 and 17SI, with th«e he had 
made in 1 72 1 and 1 782, and very seldom found a difference of more 
than one single minute of motion { but most commonly this difference 
was wholly insensible ; so that, by the help of what he observed in 
1723, he presumed that he was able to compute the true place of the 
Moon vrith certainty within two nninutes of motion, dunng the year 
1731, andsooa for the Aiture. He finises this paper, by recom- 
mending Hadley's quadrant as a proper instrument for taking the 
necessary observations at sea. This instrument had been described in 
the preceding number <^theTramactions of the Royal Society. 

Dr. Halley again treats on this subject in his Actronooucal TaUes» 

■ Phil. Tnonciioai, towthoipc'sibndgiiwnt, vol. 1. pi(esa7i 



D,g,t,z.ctvG00gIC 



t M ) 

lA which »• givcptwo complete ffiumfdei of ffoding theloiwitttdefirom 
- the observed (^stance betweca the Moon *ai the itan, v Leoius and 
C Tatiri, and concludes with obMrvin^, that by a Uk« method oftvmfiU' 
tatioa, may the difference of the mertdiant hfatmdjrom observations 
^ the Mou^s distance from the Sun, in htr first and last quarter. 

M. £ipaiiuel SwedeobfUv takes notice of the above method of £nd* 
ing the lonritnde, to hit &^Ium Hyperbereas, printed in Swedish, 
9t Stockhoua, in the year 1716, and in othertracti. It is alaobrieflf 
explamed in a very smsdl pampfaJet, entitled. An Introduction to a Irve 
Jaelkodfor the DiscowryoJ the iMngitudetU Sea,liy Stepien Flank, 
printed m London in 1720. 

Mr. Robert Wright of Winwick in Lancaifaire, pretented to the 
Conuniisionen of Longitude, a tract entitled Fiatiatm Niutarum: and 
in 1728, be published in 4t0, his Humble Address to the Right 
Honourable tluljirds, and th* rest _qf the Honourable CommissitmerSf 
appointed by «cl of Parliatnemt t9 judge of all Performances relating 
to the Loneittide, in which he asserts, page 4, that Sir Isaac Newton s 
** Theory being freed froin some errors of the press, and restored to 
its original exactness, the Moon's place will be so nearly given, that 
the longitude (if due care be tatcen) may, be found thereby either pr^ 
cisely exact, or within very few miles of certainty." In 1792, he 
published in 4to, bis New and Correct Tables of the Lunar Mclions, 
acan^ng to. the Newtonian Theory, 

In 1755, Professor Mayer of Gottingen sent a manuscript copy of 
his lunar tables* to the British Admiralty, claiming at the same time 
some one of the rewards, promised by Parliament, which he might 
be thought to merit. In these tables the arguments are investigated on 
the Newtonian principle of universal gravitation, and the maxima of 
the equations are deduced trom his own observations, and from those 
otDr. Bradley and others. The above tables were delivered to Dr. 
Bradley to be examined} who, having compared them, with a great 
number of bis own observations, was convinced of their excellence. 
He then sent an account of them to Mr. Cleveland, secretary of the 
Admiralty, in a letter dated Greenwich, Feb, 10, 1765, from which 
the ft^owing is extracted. 

" In obedience to their Lordships commands, I have examined the 
same, and carefully compared several observations that have been made 
(during the last five yean) at the Royal Observatory at Greenwich, 
with the [Haces of the Moon computed by the said tables. In more 
than 830 comparisons which 1 have already made, I did not £nd any 
difference so great as 1|' between the^A»erved longitude of the Moon 
and that which I computed by the taHes ; and although the greatest 
difinxnce which occmred is, in fact, hut a small quantity, yet, as it 
ought to be considered as partly arising from the error of the obser- 
vations, and partly from the ierror of the taUcs, it seems probable, 

• Uqwt't t»Uw.STit sppcucd in tlic M«noi[i cf Goiiincto to 174s. 
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that, during this Inteml of time, the tables gentnBj gsre the Moon's 
place true within one minute.of a degree. 

" A more general comparison may perhaps discorer larger errora ; 
but those which I have hitherto met with being so small, th^t even the 
biggest could occasion an error of but little more than half a degree 
in longitude, it may be hoped that the tables of the Moon's motions 
are exact enough for the purpose of finding at sea the longitude af a 
ship, provided that the observations that are necessary to be made on 
ship-board can be taken with sufficient exactness," 

In another letter to Mr. Clevebnd, dated Greenwich April 14, 
1760, Dr. Bradley shows the utility of these tables, from the compa- 
rison of observations made at sea by Capt. Campbell, in the year-. 1757, 
1758, and 1759. By the mean of twelve diflerent days or nights 
observations, taken at sea, and reduce<.l to Ushant, he found the longi- 
tude of the middle of that island to be about 5° 23' west of Green- 
wich, and the greatest difference between the mean result, and that of 
any particular day, amounted in one case only to 37' in defect, and 
the greatest difference in excess was but 25 minutes. He also observes, 
that since his ftamer accotmt of the near agreement of Professor 
Mayer's lunnr tables with the observations that had beun made at the 
Royal Observatory.hehad compared several others, which concurred 
to prnve, that the difference between the observed and computed places 
nowhere amounted to more than one minute and a half; and he 
found that the difference, small as it is, may yet be diminished by 
making alteratioiu in some of the equations, whose true quantity 
could not be determined without proper observations. After making 
the necessary corrections, it appeared by the comparison of above ele- 
ven hundred observations, taken since die new instruments were fixed 
lip, llwt the difference did no where amount to more than one minute. 
It may, therefore, be reasonably concluded, that so far as it dependl 
upon the lunar tables, the tnie longitude of a ship at sea may lo all 
cases be found within half a degre-, and generally much nearer. 

Professor Mayer died in the beginning of the year ]7H'i, and left 
a still more complete and accurate set of lunar tables. These were 
soon after transmitted to the B<'ard of Longitude, by his widow, for 
^vhich she received 30001. Mr.' Euler also received a reward of 3001, 
in consideration of Mayer having availed himself of Euler's lunar 
theory. Thetfe tables, together with a set of Mayer's solar tables, 
were printed in London in 1 770, imder the inspection of Dr. Maske- 
lynej from which all the articles in the Nautical Almanac relative 
to the Sun and Moon are computed. An edition of the lunar tables^ 
improved by Mr Mason from Dr. Bradley's series of lunar observa- 
tions, published in the Nautical Ahnanac for 1774, was printed ia 
XiOndon in 17B7, and reprinted at l*aris m the Cormaissance des Temi 
for 1790. *' These new t^ies," says Dr. Maskelyne, " when com- 
pared with the abovementioned series of observations, seem to give 
always the Moon's longitude in the heavens, correctly within SO 
seconds of a degree." Mayer adopted the method of distances in his 
Methodui Langituditmm Promoia, prefixed to his tables, which he 

illustrates 
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illustrates hf two examples of the distance lietween the Moon and 
Aldebaran. He then describes the circular instrument of refiexion^ 
vhich he invented for observing the apparent distance between the 
Moon 'and a star, with a greater degree of accuracy than can be done 
by a quadrant or sextant. 

Our present astronomer royal, the Rev. Dr. Nevil Maikelyne, very 
much deserves the thanks of every navigator^ and of the public at 
large, for his great industry and exertions in bringing this method 
of ascertaining; the longitude at sea into common practice. In his 
British Mariner' s Gwirffjprinted in London in 1763, he very strongly 
recommends it, and gives new precepts for making the necessary 
observations and computations. The rirfes for computing the .effects of 
refraction and parallax, which he had formerly communicated to the ' 
Royal Society, and which were published in the British Mariner'i 
Guide, were again ccrnimunicated to that Society with their demon- 
urations, in 176+, and published in the Liv. vol. of the Phil. Tran. 
On the 9th of February, 1 765, he presented a memorial to the Com- 
inissioners of Longitude) in which he shows, that in his voyage to 
St. Helena, and return thence, he made frequent observations of the 
distance of the Moon from the Sun and fixed stars, with Hadley's 
quadrant, from which, by the help of Mayer's printed tables, he comr 
puted the longitude of the ship from time to time ; and from the near 
agreement of the observations, especially at making the land, when 
the ship's common reckoning was very erroneous, he inferred thdt the 
longitude thus determined would never err a whole degree ; that the 
same method which he had explained in his British Mariner's Guide* 
had been practised with success by the commanders and mates of «e* 
veral of the East India ships. He theo proceeds to point out the 
method he used to adjust his quadrant, in his voyage to BarbadoeSj 
and return to Etigland, which was, by measuring Uie Sun's diameter 
withtlie index placed alternately to the right and left of the beginning 
of the divisions ; by wtijch means, he found his observations to ame 
still nearer than in his former voyage tO St. Helena, having made fia^ 
badoes within half a degree of its true situation ; and at his return 
home, he made the isle of Wight, by observations taken 34 hours 
hefbre, within 16 minutes of its true situation. He concludes his 
memorial in the following words ; " I am authorised by them* to say, 
they humbly apprehend that nothing is wanting to make this method 
generally practicable at sea, but a Nautical Ephemerts, an assistance 
which they, with many more, hope for fiom this Board." 

The gentlemen mentioned in this memorial were examined sepa- 
rately, as to the utility and practicability of the above-mentioned ob- 
servations ; and all a^'eed in testifying, that they had determined the 
longitude of their respective ships from, time to time, by observations 
of the Moon, taken in the manner directed in the British Mariner's 
Guide; and tluit the longitude resulting always agreed with the 
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making of land, to one degree. In consequence of which, the Board 
came to the following resolution : 

" That it is the opinion of thb Board, upon the evidence given of 
the utility of the late Professor Mayer's Lunar Tables, that it is pro- 
per the said tables should be printed ; and chat application should be 
made to Parliament for power to give a sum not exceeding 5000L 
to the widow of the said Professor, as a reward for the said tables, 
part'of which have been communicated by her since her huslund's 
decease ; and also for power to give a reward for persons to compile 
a Nautical Epheraeris, and for authority to print the same when com- 
piled, in order to malte the said lunar tables of general utility." 

This was immediately put into execution -, and accordingly, since 
the year 1766, a work, entitled, T/u Nauiical Mmanacand Astrono- 
mical Ephemeris, has be«i published annually, by order of the Com- 
missioners of Longitude, under the inspection of Dr. Maskelyne. 
This ist, perhaps, the best and most accurate publication of the tind 
that has hitherCo appeared*. 

At the same time with the first Nautical Almanac, a set of tables, 
to facilitate the calculations, was published by Dr. Maskelyne ; in 
ivhich are given two excellent methods, with their dononstrations, 
for clearing the apparent distance between the Moon and the Sun or 
a £xed star, from the effects of refraction and parallax-, the first by 
Mr, Lyons, and the other by Mr. Dunthorne: also two examplts for 
ascertaining the longitude from observation. About twelve vears 
afterwards, this edition being nearly all sold off*, it became necessary- to 
reprint it j previous to which it was new-modelled by Dr. Maskelyne, 
and the second edition appeared in 178X, and the third edition in 
1802. 

The publications on the longitude, by observations of the Moon, 
now became very numerous •, almost every book on Navigation, pub- 
lished in ISritain since the commencement of the Nautical .-Mmanac, 
contained a few rules for that purpose. In Robertson's Navigation, 
there is a good tract on this sabject. Besides those already mention- 
ed, some of the other writers on lunar observations in Britain are, 
Me&srs, Adams, Bishop, Clarke, Dunn, Elliot, Emersoir, Gregory, 
Harrison, Heath, Keith, Kellv, Margetts, Martinf Nicholson, Vi:i'ce, 
Waddington, Wilson, Witchell, Wright, &c. 

This method of finding the longitude at sea is mentioned in a trea- 
tise, entitled, Al-re^i du. i'llotagr., by M, le Monnier, printed at Paris 
1766, page 22.5, In the same year, PcrePizenas published his ^ifro- 
mie dcs Marins, at Avignon ; which, besides examples to the pro- 
tlems in the Jstronmiiie Naultque of the celebrated M. de Maupertuis, 
and other articles, contains various methods o( finding the longitndc 
from observations of the Moon. 

• " Le Nautical A'mtnat lie Londm m I'Ephfnifride la plaa pufcitc qo'il V ail 

jamiiieu." M. U I.irtdc'i A^ironooi)', thiid edinor, lol. i. pa^ I4S. A|^)n, "Cent 
ouvngc eslcul* « s'»nils fraJs, m ivep une pr6c«mn ciogme wni 1« diciion de M. 
Maikelyne, ettexiijincineiic in^portani pour let uviptcun." Monluclii, Hi»ioire dra 
Muliinutiijua, fol. iv. pue in, 

Up<» 
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XJpoa the I3th November, 1766, M, de Ctumi^res presented to the 
Roval Academy of Sciences ai Paris, his Memoire jw les Langiltules 
€tt Met; which he published in February following ; and his treatise^ 
entitled, Experiemxs sur les Longitudes, faites a la Mer en 1767 et 
1768, puhlii: par orJre du Rm, appeared in 1768. In this tract, he 
has shown the utility of his instrument called the Megameter, in 
observing the distance between the Moon and a star. This instrument 
is constructed on the same principles as the object glass micrometer, 
and is only applicable to measure distances less than 10°. In 1772, 
M. de Charnicres published his Theorie et Pratique des LongituJes en 
Mir ; which treatise contains an ample detail of the above-mmtioned 
instrument, with pbtcs ; the methods of making and reducing the 
observations for t!te latitude and longitude, Stc. In page 21, he 
says*, " Intime.nent persuade, que la vrai solution du probldme dec 
longitudes en mer, tenoit a la mOiure exact de la distance de la Lune 
aux etoiles, je trouvai (]ue I'hcliometre pourroit, en le modiiiant, s'ap- 
pliqucr aux oliservations de mer." 

'I'he Abbd de la C;iille recommends it as the only practical method at 
sea. He was, however, sensible, from his own experience, of the 
errors to which it was then liable. In his edition 'of Bouguer's Navi- 
gation, printc;! at I'arls in 178J, he says, *' La grande incertitude k 
laquelle nous avons dit qu'etoit sujette la m^thode d'employer let ob« 
servations de la Lune faites sur mer, ne doit pas decourager le marin, 
ni la lui rcndrc suspecte, jwiis que dans les voyages de long coun, o& 
Ton a cSsuye bcailcoiip dc vents contraires, et de long coups de vents, 
il arrive soinent qii'aijx atterrages on se trouve en erreur de sept ou 
huit degres sur la longitude estunee selon les regies du piiotagef." In 
the same work, he pave a new and easy method of reducing the ap- 
parent to the true dist.ince, by means of scales constructed expressly 
for that purpose This subject is also very well treated in the sixth 
volume of Bezout's Omrsdes Malhimali(jues,'P-3i\i, 1781, page 249; 
and in M. Callct's edition of Gaidbter's Logarithmic Tables^ Paris 
1783, page 5i: 

An excellent tract was published at Paris in 1787, entitled £e- 
tcrtplhn it V'^tij^e du Cerelc de Rffii-xion, par le chevalier de Borda, 
in which that instrument h very particularly described, its use shown 
in nauiic;il observiicions, and the maimer of calculating tl^e 
obi.- rv.it ions. 

M. de laLande treats very perspicuously on this subject, both in his 
Exp-^i:t',on ,1a CaUiit, and m his jislTmomie^ page 2+t, or third 
edition, priiited at I'aris in 17S^, page 26S. In the former of these 

' &«inff inlimaiety pcnuidnl, that the tiiic wilution o(du pmblnii of tfic lonptuila 
at Ml, dr[if nds uga^n ihc exact meaiuie Of [he diiiuace of ihe Mouo from itiit ; I found 
tl)ii( the hciiometer, in mcditjing ic, woulil be prapci lu app^T lo obierviiiau ii k>. 

t Tb* great unceruinljr, we hive obierred, to which Cnt nuthod of employiiq ob-. 
aerntioiu nude u jci n lubjeci, ought nol to dttcoutage ihe Dnrmer, Dor render it 
niipeeied, since in long laynx*, wheie ihey <naoun(ef many cealitrf niruli and of long 
itniiiioa, u iifien tiappeni, that upon Iheir return they find uierroiof? <u I dcgiMi «} 
the lan^iiude by accejnc, according lo the conuiraD ruici of piloti(c. 

o 2 vorha^ 
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vorks, p. 168, he says, *'Sans une miithode pour troaner ces longi- 
tudes, la navigation est toujours incercaine -, restlme a laquelle on a 
recours, peut £trc fautivc de 4 or 500 lleues apri^s qiielques mois de 
navigation, et Jeter ceux qui navigueiit dans les pj us grands dangers'." 
He then recommends the lunar mctlio.l of finding che longitude at 
sea, and shows the manner of constructing and using M. de la Caille's 
Chassis dt Reduclion, for clearing the apparent distance from the 
effects of refrartion and parallax, and the method of deducing the 
ship's longitude from observation ; and in pago I'l'i, he says, the 
distance between the limb of the Moon and a star "may be both easily 
and accurately observed with the Hiliometie of M. Boug\ier. In his 
Astronomie\, he writes, " Cettc methode des distances a I'avantage 
de ne dependre essentiellement, que d'une scule observation de dis- 
stance ; elle ne suppose pas la hauteur connne avec une extreme pre- 
cision ; elJe depend tres peu de la derlinaison de la Lune, et de la hau- 
teur du pole ; elle n'exigc pas qu'on ait un horizon clair-Jin, c'est-a- 
dire, bien dcgagS des vapeurs ; elle ne suppose pas des calculs aussi 
longs que ceux de I'asccnsion droit de la Lune : enftn, la reduction de 
la <^stance apparente en distance vrai, a raison de la refractipn el de 
la parallax, se pent faire avec la rpgle et le compas, par une operation 
graphique " And the following is the last parapraph of that valua- 
ble w(H-k : "la Caille et M. N^skelync ont eprouve longs terns sur 
mer cette methode des distances de la Lune au 8oleil, ct aux etoiles ; 
ils I'ont trouvfe la plus exacte ; ils I'ont adopte de preference. M. 
de Chaxni^res et M. de Verdun, officiers des vaisseaux du Roi, qui 
se sont exerct i ces observations dans des voyages de long cours, I'ont 
employ^ et Ton regarde comme la meilleure. M. d'Agelet, qui k 
iait, avec M. de Rosnevet, le voyage des Terres Australes en 1773, 
et le voyage autour du monde avec M. de laPeyrouse, ifait un usage 
continuel de la methode des distances : il n'a jamais trouve plus d'un 
demi-degr^ d'erreur dans tons les atterrages ou il pouvoit verifier sa 
longitude. L'experience prouve assez qu'on ne sauroit se dispenser 
de ces observations, pour peu qu'on att de zele et de connoissance 
dans la navigation. II ne nous reste done qu'a inviterles navigateura 
k en etudier les cvilculs, a en acquerir I'habitude, et k rendre cette 
pratique aussi ggnerale> qu'elle est utile pour la navigation %." 

In 

' • Wiihoul a melhod to find the lonjituik, nwigiition is »lw«)t uncdUitl ;-(lic 
common methinl by account oi drad wckuiimK, miglii be erriaieoui 4 or Joo lensun 
aftciincral inonlbs navigaiion, and thereby put the tiivigaioi in the gteilest dinger. 

t Prem. edit, tome 11. txt.i-ili; ou ««- edit, tome 111, ai I. 30JT i ou trrasi. edit, 
tome III. art. 417a. — " Thit method of di<ianc« has ihc idvanta^e of not depend- 
in; esKiiiialljr, ihui onXy an obKivaiioo of the distance ; it doth not (uppoiC ihe tl- 
titude (o be knows with exireme piecision ; it depend* very little upon the 
decliiution of Ihe Moon, and the latitude of the place ; il dots n« require a very dit- 
tinct horizon, or wtiDlly ftee of vapoun ; it does not ^appoie cilculilions ■» long u 
thosF (or the right uccniion of the Moon ; lutly, Ihe reduction of the spparant to the 
tnie diuance bj reason of refnclion and panlLii, maj' be done with a rule and com- 
plsa, by ■ jnphical operation. " 

X Li Caille atkdM. Mukelrne hare proved ■ long time at soi.thii nictKedof Ihe dit- 
tancn of Ihe Moon from the Sun and atan ; they have ftiund it the moil exact, and 
■ccofdiotlj adopted it in piefereuce id other oieihodj. M. de CbiniicK* and M. de 

VeidMD 



C 101 ] 

In the Opuscules Mathtmntitfues, par M. L'Abbfe de Rodum* 
printed at Paris in the year 1768, page 51, is a Mpmoir upon the im^ 
provement of the ifefto»iWr«, which he strongly recommends as the 
most proper of all instruments, for observing, with precision, the 
distance between the Moon and the Sun or a fixed star. In the fol- 
lowing MMnoirof the same work, he describes two other instruments 
for the same purpose, one of which he calls the Aslrometre, see pare 
81, and the other, the Migameter of Beftxiott, see page 94. In 
page 113, he recommends the methods of finding the longitude by 
limar observations, nearly in the same words as M. de laLande, cited 
above- 
In 1796, Mr. Krily published his ^au/i^o^ ^ffroRomv, a wcH-k poi^ 
ticularty adapted for those who wish to acquire a knowledge of Sphe> 
rical Trigonometry. In this treatise, page 201, there is a very ingfr. 
nious method of reducing the apparent to the true distance, by a grm- 
phical operation. The second edition of this work appeared in 1601, 
in which the investigation of the above method is given. 

M. de la Lande published his Abregi dt Navigation, at Paris, in the 
year 1793. This work contains a brief history of navigation, a ca- 
talc^e of nautical books, with various other particulars ; and lastly^ 
the method of finding the longitude by lunar obsavations; but the 

Erincipal purpose for which this work was published, is the set o{ 
orary tablet which it contains ; and by which the apparent time at 
the ship may be readily deduced from the altitude of any heavenly 
body, whose declination is contained within the limits of the tablet 
and the htitlide of the place. In this work M. La Lande says, " the 
Moon furnishes the most general and certain method of finding the 
time under the first meridian ; and it is the distance between the 
Moon and the Sun, or stars, that is employed for this purpose" ." 

Avery cood work, entitled Verbandeling over bet bepaalen der UngU 
op «*«, door de afstanden van de maati ' M de xott, ofvaste sterren, 
&c. by J. H. Van Swinden, waspuhlished at Amsterdam .in the year * 
J796f, which was three years after the first edition of this book was 

Stnted. In the above- mentioned treatise, the methods given by 
essrs. Borda, Dunthorne, Krafit, Lyons, Dr. Maskelyne, and by 

Veidun, officen in the royal nary of Fnnee, who hive ■ccustomcd [hrnwclTM (n thcM 
otMCtvxtioni in long voyages, liave uud, and rcgnidrd il ai ihc bnl methixl. 'M. 
d'Agelet, who huh made, with M. He Boiifnei, the voyage to ihe Term Auiiral», in • 
1773, and the voyage round ihe world wi[h M. de la Pcyiouse, halh made cooiiant ast 
orihemeihod oFdiicancrai be never found mure than halfa degree of errorin a)t the 
placet where he ma able to verify itiit longitude. Experience caflicienlly pratci, thai 10 
dii)x:n>e with these DbsrrvatiDiit, will (bow little zeal atid confidence in navigation. It 
remaitu, then, lo inviie navigators id study the calculativns, and lo acquire tbc bibil, 
and to reader ihii practice at general, as it is uteful lo navigation. 

* La Lane foumil un moyen pliu gcner.l St pltit lOr pour trouver I'heure qu'it et> 
•ouile premier meridian, el c'ut n diataoce ui «olid ou aui iioilei que Ton empli^." 

fTioitite concerning the determination of the longitude at sea, by thediatancebeiween 
Ihe Moon and the Sun, or a Ried I'ar, published by ardci of the Coiumiitcc for Marino 
Atikirt. In the preface lo this work, page li. M. Van Swinden expresses himself u 
fellawt : " When Ihls part (meaning the third) wai aliexdy at the pteia, the excellent 
work of Mackay fell into my handi ; 1 bate thought proper to oiake of use it, and regret 
it m> not Mooei kooirn to me. 

myself. 
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mptff, as given in the first edition of this book, are explained and 
dnnonstrated ; and beside other articles, he has also copied my atiie 
of natural versed sJocs ; which, so far as I fcnow, was the first of 
the kind ever published, but having acknowledged tlas, be has not , 
incurred the disgraceful name of a plagiarisr. 

An excellent treatise on Navigation, in two volumes 4to, entitled 
Tralado tie Ntivegocwn, for Don Josef ite Miiidoxa y flioJ, was 
printed at Madrid in 1787 } in which the method of finding the 
longitude by lunar observations is clearly explained. " Este nictods 
(vol. ii. page Sti*) es el mas directo y el mejor de los que pueden pro- 
ponerse, porque su exactitud depende poco del conocimiento de ia 
htitud geografica, y de las observacioncs de las alturas, y solo exige 
esencialmentc medida dc la distancia*." The investigations of five 
different methods of reducing the apparent to the true distance, are 
given in this work ; tlie first, is that of the Chevalier de Borda ; and 
the others of the methods giving in the Requisite Tables. There is a 
valuable paper by the same gentleman, entitled Recherches sur. 
VAftromunie Nanliquf, m the Philosophical Transactions for 1 797 [ 
which, besides other t hi i^gi^ relating to navigation, contains the in- 
vestigations of many different methods of reducing the apparent dis- 
tance between the Moon and the Suti, or a fixed star, to the true 
■ distance. In the Philosophical Transactions for 1801-, there is an 
account of an IwpTOved He//exion Chile, which is greatly superior to 
any former instmment of this kind, and on which ne is still making 
filrther improvements. In the year 1800, a work in folio, by M. die - 
Mendoza y Rios, entitled Cclitccion de laiUx para varcos ssos de 
ta Navigacif-v, was printed at Madrid. In the introduction he ob- 
serves, tliat " La presente coleccion se dirige a facilJtar los calcu- 
loi de la observationes que se practican en el mar, para 
(leterminar la longitud y la latitud de la naves j algunos otros 
objetos de navegacion e hidrografia."f An explanation of the 
tables is prefixed, with their use exemplified in the Eolati(»i of the 
various computations in Nautical j\stronomy. In the year 1801, M. 
de Mendoza y Rios's collection of " Tables for Judhtiil'mg the 
Calculations cj Kaulieal jiitroni^mii" was printed at London, in on^ 
volume 4to. This work is nearly upcn the plan as the above- 
mentioned, /n appendix is annexed, containing tables by PL 
Cavendish, Erq. for reducing the apparent to the true distance 
between the ^JCcn and ihe .Sun or a fixed star, with precepts 'for ihe 
use of the $amc. Again, in IKO£, Captain Mendoza, published. 
his" Com fUu Coiled KjH uf Ti' I Irs for Xavi^n'ton ut?d Noulieal 
yislTovtmy, in one vol. 4to, containing upwards of 700 pages, 
inwbkb he has greatly simplitied the mcthoU of reducing the 

• Thit mnhod iithtmost direct ind the best of those which have been piopoteil, 
•inrc iUciicmHi deiKitf*!! but liiilr on theknowledf^ of The laHiude oflhe i^ti>|), unit 
thectneivuioiuof iheahkudes i and only require) CEtealixllr the mean of tbe disuiDcc*. 

■f- Tbr piesenl enllcL-lion ii iaiended to hrililtte the cilcalktioni fram obKrvuioDt 
made u ica, to deiettnine the loD^iude uid (be latitude of the thip, and other objects 
fcfaivigiiiioa, and hydtt^iapb]'. 

•■ ' apparent 
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apparent to the tree distance, b^ means of new and extensire taUev 
To that work an explanattoa of the tables u annexed ; and their use 
illustrated in a series. of problems and examplei. 

From the mutual concurrence of the opinions of so many eminent 
Tnen it appears, that the methoJ of lindinj^ t!ie lonj^Ituds .at sea, by 
observing the distance between the Moon and the Sun, or a fixed star, 
commonly called Lunar Observathni, is the best in use at present f 
and, therefore, any improvement that may be made therein, 
either in the lunar tables, from which the articles in the Nautical 
Almanac relative to the Moon are computed, or in the construction of 
instruments for observing the distance, or in the methods of mafcing 
and calculating the necessary observations, must certainly be of very 
great advantage to the practical navigator. 

Before we conclude this chapter, it may be proper to remark, that 
the usefulness of any method of finding the longitude at sea, depends 
upon the frequency of the necessary observations, the accuracy with 
which they may be taken, and of the conclusions deduced therefrom. 
That this is eminently the case, with respect to observationB of the 
Moon, will appear evident from the following considerations. 

Of any of the heavenly bodies, which frequently present themselves 
for observation, there is none whose apparent velocity is so rapid as 
that of the Moon: the diurnal motion of that object being from 11° 
52' to 15" 2r*j and the mean diurnal motion IS" 10 3*".86 f. 
Hence, an error of 10", in the distance between the Moon and a fixed 
Star, will, at a mean rate, produce an error of only 4j' in longitude^. 

In fiivourable weather, observations of the distance between the 
Moon and the Sun, or a fixed star, may be always had, except about 
the time of new Moon. 

The distance may be observed to a very great degree of acihiracy, 
with the sextant, in its present improved state, or with the circular 
instrument } and by taking the mean of several distances, observed at 
short, and nearly equal intervals of time, the apparent distance may be 
obtuned within a few seconds of the truth i and the altitudes of the 
objects may be observed, with sufficient accuracr, with a Hadley's 
quadrant, for clearing the apparent distance from the effects of 
refraction and parallax. 

In consequence of the great degree of exactness to which the lunar 
tables are brought, the Moon's place may be found within less than 
half a minute, at any given instant ; and, by means of the Nautical 
AlmanaCj the calculations are rendered extremely short and easy. 

" Some Coineti nixfttA. 

060' X a4h. 

t Forajd.7h.4a'ii''ii: a4h. : loeo" : — = 19" \o' nT.w 

a;d, fh.4a'ii''.j 
i a«o X Mh. joo'X io"xa7il. 7h. 43' 1 1".» 

— : 300° : : w" ; . — - — . — ■ 

Wd. ;h, 40'i i".* a«' x 34b. 

io"Xa-'*M»«i".s 

— = — =4'8»".33, 
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It it hence evident, that, of all the methods which have been 
propoeed to detenmne the longitude at sei, that b^ lunar observatiuii 
will always claim the pre-eminence. 



CHAP. II. 

Of^findmg the Lnngihtde at Sea hy Lunar OhervatUms. 



X HAT method of finding the longitude of any placCi "by observe 
tions of the distance between the Moon and the Sun, or a fixed star, 
is called Lunar Observaiions. 

The observations necessary to determine the longitude at sea by this 
method are, the distance between the Moon and the Sun, or a fixed 
star, in or near the ecliptic, together with the altitude of each. The 
stars used in the Nautical Almanac, for this purpose, are mentioned 
in page 25, The instruments proper for taking these observations ar^ 
a sextant, or circular instrument, for observing the distance between 
the objects, or for the altitude, when the apparent time or error of 
the watch, is to be inferred from that observation : and the altitudes, 
taken at the same time with the distance, for the purpose of clearing it 
from the effects of refraction and parallax, ' are to be observed with 
Hadley's quadrant. These instruments, and the methods of making 
the above-mentioned observations, have been explsuned in Chapters i. 
II.' and III. Book II. A Igood watch, having a second hand, or 
rather a good time-keeper, is necessary for connecting the observations 
for the apparent time at the ship, and for the distance with each 
other. The method also of taking a complete set of observations, and 
of deducing the mean time, distance, and altitudes therefrom, are 
explained in Chap. it. Book 11; and in the same chapter, the method 
is shown, by which one person, vrithout any assistants, may take all 
the necessary observations. It now remains to show the manner of 
reducing the various observaiions ; that is, of finding the apparent 
time and longitude : this will, therefore, be the subject of the 
following chapters of this book j and, for this purpose, it becomes 

requisite to premise the following problems. 

Phoblem I. 

To convert Degrees, or Parts of llu Equator, into Time< 

Role. 

Multiply the given motion by i, and the product mil ba the 
trOrrespondingtime. 

• Rbmarks. 
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In this operation it is to be observed, that minutes multiplied by 
4, produce seconds ; degrees multiplied by 4, produce minutes, which, 
dinded by 60, give hours. 



Let S6° 4fi' be reduced to time. 
■, - 26* 45' 



Ih. 47' 0".=r time required, i 

Problem IT. 
To convert Time into Motion. 
Role. 
Multiply the given time b^ 1 0, to irbich add half the product -, the 
sum will oethe corresponding degrees, &c. 



" be converted into motion. 
S 4 C8 



Halfr 



Corresponding motion = 46 7 
Remark. 
lime may be reduced to longitude, and conversely by TaUes I. 
andll. Seevol. ii> p«ge 41. 

FSOBIBM IIL 

Gtv«R the Time, undtr am knoum Meridian, tojivd the corresponding 
Tiwte et Greenwich. 



Let the ^en time be reekotied from the preceding noon, to 
iriiich the longitude of the place in time is to be applied by addition 
or sobtfaction, according as it is west or east, and the sum <x 
differenc* wUl be the correspondicg time at Greenwich. 

«L. I. * ExAMPtB 
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EXAMPLBS. 
I. 

Wtut Is the time at Greenwich, when it is 6h. 15' at a thip in 

longitode76°45'W.? 

lime at ship, ... 6h. 15' 

Loogitude m time, .•57 W. 

'Hme M Greenwicb, • - II SS 

n. 

Required the time at Graeawich, ^tuweriiiff'to Jh, M' $9" of May 
lMatCuitoa,irh(Meloagitudei«riS<' s' 15" £.i 
Time at Cantoii, May Ist, - Sh.4^ SS' 
Longitude in ttOKi - 7 33 9 E. 

Time at Greenwich, April SO. 8S 14 SO 

Pboilbm IV. 

To reduM the Time at Gretminek to that wider am/ giwn Heridian. 

RULB. 

Reckon the given time fimn the precediiq; nooo. to which add At 
longitude m time if eajt, but subtract it if west } and the sum or 
remainder will be the u >r re» pond in g time under the given n-—^-''— 



What is the expected dme of the benmiing of the lunar edipse <rf' 
October 29, 1 809, at a ihip in longitude lOg" 45' W. • 
Beginning (rf eclipse at Greenwich,perKaut. Afan. 19h. 41' 
Ship's longitude m time, . . - _ 7 19 W. 

Beginning of the eclipse at the ship, - - 18 22 

IL 



Wheo.nuy the immersion of the firsttatcffteoflnnterbe obserred 
at Bombay, in long. 78t 54|' E. which, by the Nantiad Almanac, 
hj^pens at Greenwich, Dec 86, 161<^ at 5h. IS* Sfl^ 
Apparent time of imm.atGreenwicb, J 16 50 

Longitude of BombRy in time, - - 4 51 SS W. 



PtOBLSH 
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To r^d&ce Ike Declhuttim of the Smn, at given in Ike Nautieal AU 
•manac, to any ether Mermian, and tn any given Timu of the X)ay. 

RcLK. 

Take the Sun't declimtion from the Ephemerii far the nooa 
of the given day, and convn^ the seconds into tenths of a mi- 
nute, by dividing by 6 ; then enter TaMe xu i . with the declinatioB 
at the top, and take out tlie equations answering to the ^ven longi- 
tode, and time from noon. These will be the change of declinaticBb 
wuwering to a north increasing declination : when the Sun is in 
nthcr ofthe other quarters of the ecliptic, a ctnrection frron one of 
the three following Tables accordingly, is to be a^mlied to each (^ the 
:d>ove equationt. Now, between the 20th of March and Slst of 
June, and fitsn the 2sd of September to the tlst of December, 
or while thetiun's declination ii increasing, the equation aniwoingto 
theship'flloDgitudeis tobe added to, or subtracted from, thededi- 
natioQ, accoroing as the longitude is vest or east j and the equation 
ansmiii^ to the time from noon, must be added or subtracted, ac- 
ctmilQg at the pven time is after or before mid-day. But from the 
21st of JnM to the asd of September, and from the SlstofDecem- 
bvto theSOthof MarchjOr while the Sun's declination is decreasing, 
the eqotfion answering to the longitude is additive or siibtractive, 
according u the longitude is east or west ; and that answering to the 
time fiwn oooa is to' be applied to the declination by addition or 
subtraction, according as the given time is before or after noon*- 

KXAHPLBI- 
I. 

Required the Sun's declination at nooni NovenJier 4tb, 1810, 

in longitude 101° 5' E. ? 

Sun's declination at Greenwich, - , - 15° iCfi 

Equation to declination and longitude, - — 5.1 

Reduced declination, - ■ • 15 11.5 

• ThMc icquiinled wiih the fim principln of algebra wlU preftr ihe fo.n.-ii'J i-r- 
L«t IbE lign -f- be prcfixnlio the ilcolimiion if incretuinf;, to ihn ou'.: •'! t -■■ 

ioglo the longitade if weti, uid lo itiit answerin): lo (be ilmc iium ruon, '.i '.l- ' :. 

rimebeia ihetftrtnoon; but if ihe declinitiun is deercaiing, inu I-,T.f -, . 1, ■:'• ■ ' c 

time before noOD, prefix the siEn — lo ihe«e qusntities, ai.d their it ni Ac^m::^.^- ■ .<. 

lUlcaof Rlgebnic iddiiion, will be the reduced drdmaticn. 



— til time from nooa, i 
Reduced dedinuion. 
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n. 

What is the Sun's declination SSthMay, 1810, at lOh. +8' Greenwich 

time? 

Sun's declination at noon, - ' - - 20° 53 

Equation to declination and time irom noon, - +5 

Declination at given time, - - - 20 58 



Required the Sun's declination, 15th August, 1810, at 5h. 46* A. M. 

in longitude 1*5° 7' W.? 

Sun's declination at noon, - - - I*° 12'.7 

Equation to declination and longitude, - - — 7-4 

- - - and time from noon, - + *,8 

Reduced declination, - • - - 14 lO.l 

IV. 

What is the Sun's declination, 19th February 1810, atSh. 15' P.M. 

in longitude 164" 56' E. ? 

Sun's declination at noon, per Naut. Almanac, - 11° 23' 6 

Equation to decl. and longitude 164° 56' E. - + 9. 8 

and time from noon 2h. IS' P. M. — S. 



Reduced declination, ... - - 11 11.3 

Problem VI. 

To reduce the Sun's right Ascension, as given in the Nautical Alma- 

tiac, to any given Time of the Day, under a known Meridian. 

Rule. 
Enter Table xviii. with the Sun's right ascension at the top, 
and take out the equations answering to the ship's longitude, and 
the interval between the given time ana noon. Then, if the longitude 
be west, and if the given time be between noon and midnight, add 
the corresponding equations to the Sun's right ascension; otherwise 
subtract them ; and the sum or remainder will be the reduced right 
ascension. 

Examples. 

I. 

Required the Sun's right ascension at ,noon, 22d April, 1810, 

in longitude 76° 45' W. ? 

Sun's right ascension at noon, p. Naut. Abn. - Ih. «8' 1" 

Equation to right ascension and longitude, 76° 45'W. + 48 



Reduced right ascension, - - . - i - 58 49 

II. What 
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What is the Sun's right ascension at Greenwich, October I i, 1810, 

at 8h. 40' P. M. 

Sun's right ascension at noon, per Naut. Aim. - l!)h. SO* 33" 

Equation to right ascension and time irom noon, + 1 21 

Reduced right ascen«on, - - - 133154 

III. ' 
What is the Sun's right ascension, June 6, iSOl, at Jh.48' A. M. 

in longitude 63° ll/E.? 
^ Sun's right ascension at noon, per Naut. Aim. - 4h. 55' 51" 
Equation to right asccn. and long. 63° 1 1/ £. - — 43 

- - - - andtimft&omnooo,10h. 18' — 1 46 



Reduced right ascension, - - - - 4: 5S .36 

Problem VII. 

To reduce the Deditiation of' the Moon, as given in the Nautical 
Almanae, loaay given Time, under a mroum Meridian. 
Rule. 
Find the variation of the Moon's declination in twelve hours, 
with which enter Tab'e Xix. at the top, and take out the equa- 
tions answering to the ship's longitudei and to the time fi'om the 
preceding noon or midnight. Then, if the Moon's declination is 
increasing, the equation corresponding to the time is additivej and that 
answering to the longitude is to be added, if the longitude is west i 
but subtracted, if east. If the declination is decreasing, the contrary 
rule is to be applied. 

Examples. 



Required the Moon's declination. May 19, 1810, at 5h. 13' 

apparent time under the meridian of Greenwich ? 

Moon'sdeclinatton IdthS^ember atnoon, - 17° 6S. 

Equation to variation 0° 47 ,and time from noon 5h. 1 3' + 30 

Reduced declination, - - - - - 17 S6S- 

II 

What is the Moon's decUottioa, Sd July, ISlO, at I4h. g' apparent 

time, in longitude 65*' J4' W, ? 

Moon's declination, 3d July, at midnight, - 14° 34'N. 

Equation to variation 1° 13' and longitude eS^H'W. — 27 

- .- - and time from midnight 2h. 9' — 14 

Reduced declination, - - . -. . 13 53 K- 
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PnoBLEu Vni. 

To reduce the Horizontal Parallax and Semidiameter of the Moon, oi 
given in ike Nautical Almanac, to any given Time, under a known 
Meridian. 

Rule. 

Reduce the pven time to the meritUan of Greenwich, by 
Prob. III. and £nd the variati<xi of parallax in twelve hours ; thai 
take from Table xix. the correction answering to the variauon Af 
parallax at the top, and the given time in the side cohimn j which 
being added to, or subtracted from, the Moon's horizontal parallax 
at the preceding noon or midnight, according as k it increasing or 
decreanng, will give the required parallax. In like manner, the 
Mooo'a lonidiameter mxy be found*. 

Example, 

Required the Moon's horizontal parallax and semidiameter, 
December 19, 1810, at lib. 15' m longitude 38° 40' E. ? 

Given time, ---.. _ ]lh.lS 

Longitude in time, .... - - s S5'£. 

Reduced time, . - - . _ 8 40 

Moon'ahor. paraL noon - Si'Si" Semid. IS' 6" 
Cor.Tab.KlX. to8h.40'&var.2o'E 4- 14 Corr. + S 

Reduced parallax - 55 38 Red sem. 15 g 



Problem IX. 

Given the observed Jltilude of a Jixed Star, to find the True 
Altitude. 

Rule. 
To the observed altitude of the star apply the index error, if any, 
and the dip of the horizon ; &om which subtract the refracticm an- 
swering thereto, from Table vi, and the remainder will be the true 
altitude of the star. 

* Tbice devcnlhs, or ont Iburtli nearly, oftjiapiaporlioiuil port of psnlki, will be 



EXAUPLBI. 
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Examples. 



The observed altitude of Arcturui if 38" 40', and the height of the 
dMerver's eye 18 fieet ^»ve the surface of the water. Required 
the true altitude ^ 

Observed akttude of Arcturus, - S8"* W.O 
Dip. Tableiii. - - - — 4.1 



Appar«\t altitude, 
Refraction, Table n- . - 

True altttude of Arctunisi 



Let the observed ^titude of Antaret be W 52', the error of tlie ' 
(lutnimeat 5'.S subtractive, and height ef the eye ' 14 feet. 
Required its true altitude ? 

Observed altitude of Antares, 49° S3' 
Index enw, - - — 5.3 

Dip, - > - - - _ S.6 

Apparent altitude, - - 49 43.1 = 49° 43' 6" 
Refraction, Table vi. - — 43 



True abitude of Antares, 



Gvvm ihe obstrvtd jtitihuU of tlu lower or upper Limb of ifu Sim, 
tofnd tkt trut Altitude of Us Ctnttr. 



Correct the altitude of the Sun's limb by the index error, if any, 
the dip of the horizon, and semidjamcter ; hence the ^>parent altitude 
of the Sun'i center will be obtained i from which the cnrection* 
in Table v. answering thereto, is to be subtracted, and the remainder 
willbethe.true altitude of the Sun's center. 
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He observed altitude of the Sun's lower limb is 18°ll',heig)itofthe 
eye above the surface of the sea 22 feet, and Sun's semidiameter 
le'.l. Required the trae central altitude ? 

Observed altitude of Sun's lower limb, IS* 41'.0 
Sun's semidiameter, - - - -f 16.1 
Dip, — 4.5 



28 12 


58 


_ 1 


46 


+ 


8 



Apparent altitude Sun's center, - 18 52 .& 
Correction, - - - - — 2.6 

True altitude of Sun's center, - 18 50.0 

II. 

The observed altitude of the Sun's upper limb is 96°S]j', index error 
40^ additive, height of the e^e 13 feet, and Sun's semidiameter 
15' 18". Required the true altitude ? 

Observed altitude of Sun's upper limb, 28° 3 1' 30' 
Index error, • - - 4. 40 

Sun's semidiameter, - - — 15 54 

Dip of the horizon 3.3, or - — 3 18 

Apparent altitude of the Sun's center, 
Refraction, Table vi. 
Parallax, Table vii. 

True altitude of the Sun's center. 



Given the observed Altitude of the lower or upper Limb of the Moon, 
to find the correct central Attttude. ' 

Role. 

Agreeable to the reduced time of observation, 6nd the Mood's 
horizontal parallax and semidiameter, hj means of the Nautical 
Almanac ; and increase the semidiameter'by the augmentation from 
Table XXXI. answering to the semidiameter and observed attitude. 

To the observed' altitude of the Moon's limb, apply the index 
emw, the augmented semidiameter and dip, as formerly ; the aggr^ 
nte will be u.e apparent altitude of the Moon's center ; to wMch, 
die correction from Table ix. answering to the Moon's horizontal 
parallax and afmarent altitude being added,the fom will be the correct 
altitude of the Moon's center. 

EXAMTLBS. 
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EXAUPLBS. 

L 

Let the olnenred altitude of the Moon's lower limb be 31° 18'. horl* 
zontal paiiUlax 58* 37", semidiameter 15' 58", and height of the 
eye 16 feet. Re<{uired the true altitude of the Moon's center i 

Moon's semidiam. IS' 58" Obserredalt. Mood's lower limbSl" IS'.O 
Augment Tab. XXZI.+ 8 Dip, • - . . .» $.s 

Aagni.teinldiameterl6 6 - - - - --l-ie.X 

Apparent alt. of Moon's center, - - . si SO .3 

Cor.toah. Sl^SCandhor. par. 58'37*Tab. ix.=*8'S6* =+48.4 

True altitude <tf the Moon's cotter, - - 32 18.7 

n. 

The observed altitude of the Moon's upper limb is 41° 35', horizon* 

tal paraUax SS" 4<y, seniidiameter J 5' to'^, and height dF the tjti 

13 feet. Required the true altitude of the Moon's center ? 

Moon's semidiameter, 15' 1 ©"Observed alt.Moon'sup.limb,41'*2,'>'0" 

Augment. Tab. xxxi. + 10 Dip of the horizon = 3'.7 — 3 48 

Augm. semiJiameter, 15 20 - - - — 15 £0 



Apparent altitude of the Moon's center, - • • 41 £ 58 
Cor. to ah. 41° 6' and hor. par. 55' 40" Tab. ix. = + 40 51 



True altitude of the Moon's center, - • - 41 46 49 

Altitudes used for the computation of the apparent time, or for the 
luitude, ought to be expressed in degrees, minutes, and tenths of i 
minute; but iusotne of the methods for correcting the apparent 
distancebetwecnthe Moon and the Sun or a fixed star, it is neceisaryj 
that the true altitudes of the objects be expressed in degrees, minutes, 
and seconds. In the first example to each of the three last problem!, 
the correct altitude is, therefore, found in degrees, minutes, and 
tenths ; and in the second, it is expressed in degrees, minute^, and 
second*. 

The correction of a star in altitude, is the refraction answering to 
that altitude ; and the correction of the altitude of the Sun or Moon, 
is the di^rence between the refi-action and parallax annraingto th4 
l^ven altitude. As the refraction in altitude is greater than the Sun't 
parallax at the same altitude, this correction is, thcrefbre, subtractive ; 
but the Moon's parallax in altitude being ever greater thui the refrac- 
tion answering to the same altitude, the Moon f correction Is, there* 
fort, to be added. This last correction may be found, independent of 
TaMe ix. by subtncting the refiraction from the Moon's parallax In 
altitude, computed by Uie rule given in page 89. 

TOL. I. a It 
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It has itreidy been observed, tKat in order to reduce the Moon's 
horizontal parallix, as nven in. the Nautical Almanac, to a given 
place, it roust be ditninished by an equation from Table xxxiii. 
depending on the latitude. The horizontal parallax in the Conoaissuice 
des Terns is adapted to the latitude of Paris ; in order, therefore, to 
adapt it to a place whose latitud e is less thin that of Paris, it must be 
increased by the difference of the equations answerin|^ to those latitude 
and diminished by the abvve difference, when the latitude of the place 
exceeds that of Paris. Moreover, the altitude used for computing the 
parallax in altitude must be increased or diminishetl by a certam 
quantity, from Table xxvi. 

Hence, in order to compute the .--hitude of the Moon'e center above 
the true horizon, the observed altitude should be corrected by the 
error of the quadrant and the dip of the horizon, from which the 
corrected re&action, answering thereto, is to be subtracted This last 
quantity being increased by the parallax in altitude, computed with 
the reduced horizontal parallax and altitude, -will be the true altitude 
of the Moon's limb, to which the Moon's true semidiameter being 
ai^Ued> will give die true altitude of the Moon's center. 



CHAP. in. 

Of the Methods of atcerlaining Tmm, andregulat'atgaCkrtmom^rf 
or Watch, at Sea or Load. 



,_X IHE, as infientd from observations of the Sun, ii dftnomiaated 
■Apparent, and Mean Solar Time. 

Apparent time is that which is deduced immediately from altitudes, 
or other observations of the Sun or stars ; and mean time arise* 
from a supposed uniform motion of the Sun. Hence, a mean solar day 
U always of the same determinate length of absolute time, but the 
length of an apparent day is 'ever variable, being longer at one time, 
and shorter at another, than a mean day; the instant of apparent 
noon will, therefore, lonietimes precede, and sometimes foUow, that 
of mean noon. The interval between apparent and mean time, is 
called the Raitatum of Time, 

The equation of time results fi-om the unequal motion of the Sun in 
its orlnt, combined with the obliquity pf the ediptic t and hence, 

Coniiiti 
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consist; of nradittiiictparu.'nie first part of the equation of tiin<.'is, 
tberefore, the difference between the mean and true longitudes of tlie 
Sun> convened into time, at the rate of 15" to one hour ; and the 
second part is, the diSerence between the true longitude and true right 
ascension of the Sun, converted also into time, at the same rate. 
Hence, the absolute equation of time is emuil to the difference between 
themeanlongitude, and the true ri^ht ascension of the Sun, converted 
into time, at the rate of 1 3° to one nour. When the true right ascen- 
cension of the Sun is equal to the mean longitude, the length of an 
apparent day is equal to that of a mean solar day ; and hence, the 
equation of time is then nothing. This happens on the 14th of April, 
the 15th of June, the 30th of August, and the 2ad of December. But 
when the difference between the apparent right ascension and the mean 
longitude is greatest, the equation of time is then greatest, and this 
happens on the 10th of February ; and the greatest equation of time, 
which happens at this season, it about 14' 40" : again, on the 14th 
of May, the greatest equation is about 4' O" ; on the 26th of July; 
when the greatest equation is about 6' 4" ; and lastly, on the 3d of 
November, when the greatest equation of time is about 16* 15". 

On the loth of Felwuary, and the 26th of July, the Sun's right 
ucension exceeds the mean longitude, and, therefore, the mean time 
exceeds the apparent time t but, en the 14th of May, and the Sd of 
November, the' true right ascension being less than the mean longitude, 
the mean time is, therefore, less than the apparent time. 

Since, at these times, the diurnal motion in right ascension is equal 
to the mean motion in longitude, the length of an apparent day is, 
therefore, eqi^al to that of a mean day. But, when the diurnal motion 
in right ascension differs most from that of the mean longitude, or 59' 
8", then the difference between the lengths of an apparent and a mean 
day is greatest. This accoi'dirigly happens on the 2.6th of March, the 
ISthof June, the 1 3th of September, and the 23d of December, On 
the 25th of March, the true diurnal motion in right ascension is so 
much less than the mean motion in kingituile, that the length t/ the 
apparent day is 1B|" lest than that of a mean day. On the l6th of 
Jiine, the length of the apparent day exceeds that of the mean day bjr 
13". Theapparentday is 2 1^" shorter than the mean day on the 15tJi 
of September, and it is S()^" longer on the 2Sd of December. 

Tables have been constructed, to exhibit the parts of the equation 
of time answering to the mean anomaly, and to the true longitude of 
the Sun } and these parts being taken out, with their proper arguments, 
and connected according to their respective signs, will give the 
compound equation of time. Both these parts have, by some, been 
blended together, and put into one table; the argument of which being 
the Sun's true lonptude. In order, however, to save these computa- 
tiont, a table of tl^ absolute equation df time is given in tJie Nautical 
Almanac, page ii. of the monthj for the instant of apparent noon by. 
the meridian of Greenwich. 

As the principle upon which a watch,or time-keeper, is constructed, 

is that of an equable or uniform motion i it is, therefisre) evident, that 

q2 when 
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when a Mriu of nicceauve and repeated obsemtions are to be nude, 
the watch ought to be regulated according to mean solar time, or its 
rate establishec) on that tune. But as it is apparent time that is im- 
mediately deduced irom obsf rvatigns of the Sun, the equation of time 
becomes, therefore, an essentia) article, and must be applied thereto, 
in order to reduce it to mean solar time. Indeed, when a watch is 
t)sed for no other purpose than that of connecting a few observaticins, 
taken within short intervals of time of each other, the reduction of 
apparent to mean time is not n^essaiy. 

Problem J. 

Tofixd the Equation 0/ etpuU Altitudes. 
KuLE, 
Enter Table xziti, with the interval at time between the obsenra- 
tiona at the top, and the latitude of the place ofobserration in thesid« 
column, and take out the correspondent nunbef | take out the number 
from TaUe xxiv . answering to the interval of time md the Sun's dedi* 
nation ; subtract jt &om the former, if the latitude atid declination are 
of the same name, otherwise, add them, and find the log. correspoocU 
log to the remainder or sum, which subtracted from theP- Log. of the 
^utf variation of the Sun'sdeclination, increased bj A, the rem^uttder" 
will be th« P. Ixig. of the equatum of equal altitudes. 

EZAMPLB. 

Let die latitude of the place of observation be 57° 9' N. the interval of 
time between the observations 5h. 1 7' i Sun's declination 17° 48'S. . 
and change of declination 16' ig^'. Required the equation c^ 
corresponoing aJtitndei ? 

Ko.fitnnTablezzm.to interval and Iat.= 1788 
No.fromT9blexxiT.tointer.andded, = HSi 

Sum, . . - . S066 - log. - S.3I51 

Daily variation of dedinatkw, - 16' ia".5F. log. +5= 6.0Mt 

Equation of ojual altitudes, • ^O'.S Prop. log. 2.7t7S 

Problem n. 

To find tfte Error of a ffaick by equal Altitudez of the Sun, 

Rule, 

Id the momiDg, when tfa^ Sun is more thui two hours distant frcmi 

>Or, from (hlifemaiaderfubmettbccoMtMt tag, 1.7719, tod (he rcmiiote wUI be 
ttMP. Log. ofKKminnumberofiaiiiutetuidtecoBd*) which, being MKcmedMeciodi 
,wdihinl>,wiJlb«ihecquuipD or equal sltitiulM. 'nteEhiidimij bcIE4HC«(tu■Ileci- 
Rlal bj diridinf Hf S. 

the 
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the meridian, in theielatitodctjletaietof (dwerrationibe ta]cen,a}n* 
tistiiiff, fttf the sake of greater accuracy, of at least three ahitodet i 
which, together with the corresponding times per watch, are to be 
wrote down regnlarijr, the time of each obserration being preriotislf 
increased by IS hours. In the afternoon, observe the instants when 
the Sua comei to the same altitudes, and write down each opposite to 
its respective altitude. Now, half the sum of any two times, answer- 
ing to the lame altitude, will be the time of nooo per watch uocorrect } 
find the mean of all the times of noon, thus deduced from each 
ccMreaponding pair of observations, to which the equation of equal 
altitudes is to be ^iplied, by addition or subtraction, according as the 
-Sun is receding from, or a]}proaching to, the elevated pole; the sum or 
difference will be the time per watch of apparent noon, or the instant 
when the Sun's center was on the meridian ; the difference between 
which and noon is the error of the watch for apparent time, and the 
watch will be fast or slow, according as the time of noon thereby is 
more or less than twelve hours, 

Tf the watch be rendated to mean solar time, it is obvious the 
time of noon, found as above, should agree with that found by applying 
the equation of time to noon, according to its sign in the NauticJ 
Almanac. If these times do not agree, Uieir difference will be the 
error of the watch for mean solar time. Instead of ^plying the equa- 
tion of time to twelve hours, it, perh^, will be found to be more 
ctmvenient to apply it with a contrary sign to the time per WiUch of 
apparent noon ; and the difference between this time andlS hours 
will be the error of the watch as formerly. 

Examples. 

1. 

January Sd, 1786, inlat. 57^ 9'N.thefoIlowing equal altitudes of the 
Sun were observed. Required the error of the watch i 

Alt. = 8" STnatSlh SS' 8" A. M. - Sh. Bff 43"?. M. 
8 10 - - 36 8 - . 5+42 

8 SO - - 38 9 - - 53 41.2 

8 25 - - 39 1S| - - 51 38 

«lh3S' 8 - 21h.36 8 Slh.SS' 9* Slh39 18.5 
a 55 43 • 9 54 4S 2 52 41.2 2 51 38 



Sum24 30 51 - 24 SO 50 14 SO 50.4 31 SO 50.5 
Meanl2 1525.5 • IS 15 25 IS 15S5.1 18 15 25.2 

25.1 
85.0 
85.5 



Sum, - - - . . 

Tunc of aotm per watch uncoiTected) • IS 15 S5.8 



Time 
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12 


IS S5.2 
20.2 


12 


13 5.0 


13 


IS S 

IS S.0 
13 29.8 


13 


1 SS.3 
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Time of noon per mtch uncorrectedi 
Equation of equal altitudes. 

Time per watch of apparnit noon, 

Watqli fast for apparent time, 

Time per watch of apparent noon, 
Equation of time, 

Time per watch of mean noon. 

Watch £ut for mean timei 7 - l 33.3 

Remirk. 

In observing equal altitudes, it wtU be found convenient to put the 
index of the quadrant to a certain division, and to wait till either limb 
of the Sun attains that altitude. If the successive altitudes of the 
tame set are equidistant £-om each otheri the mean of the morning 
observations taaj be conqsu-ed with the mean of those ohserved in the 
afternoon, in order ^o find the time of noon. 

n. 

April SOth, 1786, in latitude 57" 9' N. the following observatiom 
were made, in order to ascertain the error of the clock. 

Alt. = S*° 40'Timep.clock21h.aO'27*.« - - 2h.S7'29''.S 

35 4fi - - 91 16 .0 - - 36 11 .0 
S5 50 - - 23 4 .5 - - 35 5S .5 
S5 55 - - 22 53 .0 - - 35 4 .0 

36 - - 23 41 .3 ■ - 34 15 .6 



Time p. clock ofDOon uncorr. 
Equation of equal altitudes. 

Time p. clock of apfib noon, 

Oock slow ftn* ;^areDt time. 

Time p. clock of mean nomi. 

Clock tloT fbrjnean time, - - . . 4 .84 

Hence, the observations of the two preceding ezan^les beiv^ 
supposed to be made at the times specified, bj the same watch or 

clock. 



21 

2 


JO 22 .3 - 
22 4.46 - 
35 52 .5? 


- ■ 29 22 .6 
■ S S5 52 .52 


23 
11 


57 56.98 

58 58 .49 
19.53 




11 


58 38.96 - 


1 1 58 .38 .96 


. 


1 SI .04 eq. 


f. + 1 16.20 
11 59 55.16 
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dock, iu daily rate may be establislied, upon the supposition of an 
amform notion, as follows : 

January 29tlL Clock fast at noon = l' SS^.S 
April 20th. Clock slow at noon = 4 -S 

Interval 81 days. Difference,! 40.1 

Now I'iO".!, div. by 81, gives i''.296 for the daily rate of the dock. 

In observations made at land, with a good instrumentf in favour- 
able weather, the time may be easily ascertained within the fifth part 
of a second, by observing the position of the Sun's limb with respect 
to the wire in the focus of the telescope, at the instants immediately 
preceding and following the transit of the limb ■, and though the 
time of each observation at sea be only ascertained within a few 
seconds, yet the error may be so &r dimmished, by taking the mean 
of repeated sets, as to be rendered almost insensible. 

Observations for this purpose should not be taken when the Sun 
is within less than two hours of the meridian, unless in case of ab- 
solute necessity, because the motion of the Sun in altitude, at places 
distant from the equator, would then be too slowj neither should the 
altitude be under 4 or 5*; otherwise the refraction may bs consi- 
derably altered between the times of the morning and afcern«on 
observations, and thereby sensibly affect those times. If the rate of th^ 
watch is not uniform during the interval between these observations) 
an error in the time of noon may thence arise, which it is more than 
probable will augment with the observed interval. Moreover, if Che 
rate of the watch differs considerably from mean solar time, the 
interval between the means of the morning and aftei'noon sets of 
observations should be reduced to that time, with which the equatKm 
of equal ahitudes is to be taken from the tables. 

It very often happens, in places distant from the equator, that in 
the afternoon, by the interposition of clouds, a correspondent set to. 
that obierved in the forenoon caimot be obtained; it is, therefore, 
proper to take several sets in the morning, and though the after- 
noon be a little cloudy, yet a correspondent set to forae of those 
observed in the morning will perhaps be obtained. 

We have hitherto supposed the observations to have been made in 
the same civil day j the interval may, however, be cQQiiderahly extent 
ed, provided the rate of the watch is- r^ular. Thus, equal altitudes 
maybe observed in the afternoon, and in the following morning, aai 
the mean of the times will be the time of the intaOtediate midnight, 
or instant per watch uncorrected, when the opposite meridian waa 
directed to the Sun ; to which th« equation of equal ^dtudes is to be 
'allied withacontTarysign> lo case of abaokite necessity, the time 
between the obsefvations may be still fanher extended, by taking 
equal altitudes in the forenoon, and in the afternoon of the following 

dayj 
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day ; in this case th« cnor of the wMcfi will be found at the interme- 
diate midnight, the equatioa of etpiH altitudei being applied as 
usual". 

^ the method of ascortatnin^ time b^ equal altitudes depend* 
neither on the accuracy of the latitude of the place of obserradon, 
nor Ml that of the declination of the observed object, since these ele- 
ments are only necessary in taking out the equation of equal altitudes, 
and as any probable error therein will not sensibly affect that equation ; 
neither does it depend on the exact quantity of the altitude, provided ' 
only it is the same at both observations j it is, therefore> universally 
used by the practical astronomer, especially when not provided with 
a transit instrument, or before a meridian mark is placed for that 
instrument. 

• Problem III. 

To Jind the Error of the Walch hj equal Altitudes of the Sun, 
the Ship being wider nay. 

Rule. 

Let several sets of equal altitudes be observed in the morning and 
afternoon, and fiom thence find the corrected time of noon, as 
formerly ; also let the -Sun's azimuth be observed, to which the 
vafiation of tbe compass being applied, the true azimuth at the time of 
observation will be obtained f. 

Now, to the constant log. . 9.22 1 9, add the proportional log. of the 
interval of time between the equal altitudes, the hotu-s and minutes 
being considered as minutes and seconds, the prop. log. of the hourly 
rate of sailing, the log co-sine of the sliip's latitude, the log secant 
of the course, and the log. tangent of the Sun's azimuth; the aam, 
rejecting tens in the index, will be the prop. log. of the correction 
answering to the change of latitude ; and to the sum of the first four 
logs, add the log. co-secant of the course ; the sum, rejecting tens in 
the index, wilt be the prop, log. of the change of longitude. The 
first correctien is to be added to, or subtracted from, the time of noon 
formerly found, according as the ship's Utitude is increasing or dim^ 
nishing, and the second correction is additive or-suhtractive, according 
as the ship's course has been in the eastern or western hemi^here. 
The result thus deduced will be the time per watch of apparent nooo> 
under the meridian of the first place of obsemtion. 

If the two last corrections be applied with a contrary ugn, the time 
of apparent Qoon, under the meridian of the second place of 
observation, will be obtained. 

• Thne mediodi hMc Ixcn toccntfullf piacliwri by the Aniliar. 

t Or if (he Sun'i magnclie uimuth be Mkcn it the limci when Ibe moinini and 
aflsTaoon kB wen ctoBnnd, ttn* hlilf the lan of ibe eutern and neileni uitnudu, 
RCkooed from tbc metidiao, will be Suo'i true Kiininth tmt\y. Oi, if (be obietvuioa 
oTtbe uimnlh hid b«ii neclccKd, H may bdtovptttcd ftcn lb* kacwn Utilude of ibe 
■hip, the SuB't altitule, ud dccKaUiiiii, 
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The dpi correction vamshesi if the course made good between the 
^eryatibns is cither due east or west ; and the secon^, if the ship 
•ails on a meridian. 

Aogust 7th, 1810, equal altitudes of the Sun's lower limb were 
©bservedjwhereofthe means were ^. 14' 52" A. M. and2h.*8' IS" 
P. M. respectively, the corrected azimuth of the Sun from the south 
was 69^", the sMp's course during the elapsed time S. W. by W. at 
the rate of S.6 knots per hour, and the ship's latitude and longitude 
at noon wei«e 39° Iff'N. and 91" 24' W. respectively. Required , 
the error of the watch for apparent noon, under the meridian of the 
place where the first set of lAservations was made ? 
Constant logarithm^ > - 9.2219 

Int.time = |h.33'or5'33''P.Log-. = 1.5110 

Latitude 39*" 18* - co-sine, - 9.8886 

1.9423 -■ - 1.9423 

Coarse 3 pajntSi - secant, 0,OSOI co-secant, -, 0.2553 

Azimuth 69" 45, - tangent, . 0.4991 Sec.Cor.r9'Ti.S.1976 

Fim correcdoo C 38" P. Log; -^ 3.4555 

Mean of morning spf, - - - . . 9h. 1 ♦' 52" 

^. ^emoonRet, . - . . - s 18 18 



yneorrected time of noon, > - 13 } 35 

Equation of equal altitudes, - - + 7 

Equation of latitude, - - -r 88 

Equation of longitude, - - -^19 

Time per watch of apparent noon, under the meridian 7 n SQ KS 
of the first place of observation, 5 

Watch slow for apparent time, - - , 5 

Equation of time, _ _ - 5 23 

Watch slow for mean tiiiie^ > -• 5 28 

This problem may otherwise be perfiMrmed, by esthnating how many 
minutes the Sun is higher cw Iowot, in consequence of the chan^ 
of latitude in the elapsed time, at the imtast it will attain the 
corresponding altitude in the afternoon, and setting the index of the 
quadrant accordingly. This quantity may be found with sufficient 
^uracy from a traverse uble. 

Or, wuh tHe' latitude of the ship at th« time of the first observation. 
Vol. 1. ' K the 
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the decUna^on and coirect altitude of the Sun's center, cotnpnte lUi 
distance from th* meridian by Prob. Vii. which being added to the 
mean of the first set, mil give the time per watch of apparent 
noon. In like manner,with the ship's latitude at the second observation, 
the Sun's declination and altitude, compute the meridian distance 
of the Suny which subtracted from the mean of the afternoon 
set, the remainder will be the time by the watch of apparent noon, 
under the meridian of the place where tlut observation was made. 
Now half the difference of longitude made good between these obser- 
vations, being applied as formerly to the mean of the computed 
noons, will give the time per watch of apparent noon, under the 
meridian of the first place of observation, and hence the error of the 
watch for that meridian will be known If the interval between 
the computed times of noon is not the same as the diiTcrcnce of longi- 
tude, expressed in time, there is an error either in the diiVbrence of 
loogitufle, ID the rate of the watch during the observed interval, or in 
the actual observatu>n or computation. In this method it IS not 
necetsaryt that the altitudes observed be correspondent. 

Problem IV. 
To^ndthe Error o/a Watcb hy equal AltUuiesof ajixed Star, 

Rule. 

Let several altitudes, and the corresponding times per watch, of » 
known star, he observed when in the eastern hemisphere, and when, 
the star is in the western hemisphere, observe the instants when i^ 
comes to each of the former altitudes. 

Take the mean of each corresponding pair of times, and the mean 
of these will be the apparent time per watch of the star's transit over 
the meridian. 

From the apparent right a^enslon of the star, subtract the Sunli 
right ascension, and the remainder will be the approxin.ate time of thA 
^'Star'stransit; from which subtract the equation corresponding thereto, 
and to the Sun's right ascension, "from Table xvni. and from the 
same table, take the equation answering to the ship's longituds, 
which must be added, if the longitude is east, but subtracted a west. 
Hence the apparent time of the passage of the star over the meridian 
will be obtainedi 

Now the difference between the observed and computed times of" 
the star's transit, will be the error of the watch for apparent time, 9n<^ 
which is fast or slow, according as the tin>e by observation is later o^ 
earlier than the computed tiqae of the star's transit. 

EziUPLE. 

July St, 1810, in latitude 35' tS" S. and longitude. ?3° 26' E. the 

foUowHig. 
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fbTlomng eqtiial altitudes of Altair were obsarred. Required the error 
'of the watch for apparent time ? 



Time per watch. 
■Bh. 17' 0" 
19 16 
SO 12 
n 5* 
2S i'6 
S 25 55 



Altitude. 
27". 23' 

27 40 
«7 55 , 

28 18 
26 30 
S8 52 



Time perwatcL. 
Uh. 35' 6T 
33 4S 
32 44 
81 S 
t9 41 
U 27 1 



^am 7 33 

Means si 15^5 



Time of transit per vntchi ... 

Altair's right aufensidn, . . - 

Sun's rigm ascension at no6n, p. N. Aim. 

Approximate tinte of Altar's transit, 
Equation to Sh. 14' and i th. 27' Table XVii'i. 
Equation t6 Sh. 14' and SS" 26*TableZvitl. 

Apparent timeof^Rar^s transit, - 'i 

Af^arent time of transit per Watcfa, > 

Vatchdow, . k 





10 


10 


1* 


SI 


♦l.» • 


8 


fit 


lt.S 



22 52 57.1 
11 26 28.6 



19 


41 


81 


8 


IS 


16 


il 


ii 


IS 


_ 


1 


SS 


+ 




16 


11 


27 


.18 


11 


26 


29 



tojnd ibe &rtvr t/a Watcb by equal JUitudet ^fajUU Slar, the 
Shif being under IVaj. 



\jA the time per toatch of the star's transit be inferred from the 
fequal altitudes as usual, and let it be reduced to the meridian of either 
{dace of observation, by applnng thereto the equations arising Irom 
the ship's run> as directed in Problem in. 

Thencomiwte the apparent time of the transit of the observed star, 
as in the last problem, the difference between which, and the time per 
>ntch, inferred firom equal altitude** will be the error of the watch 
fior jq^arent time. 

bS Exaufls, 
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Example; 



November 39, ISIO, the time per watch of the transit of Bellatrix* 
as inferred from themeanof several equalaltitudes, was 12h, 52' 18 , 
and the cdrrected azimuth of its center 59° 40', from the south ; the 
distance run in the elu>sed time was Si miles E. N. £. and the 
latitude and longitude of the ship at the time of the star's transit were 
41° 33' N. and 51° 18' W. respectively. Required the error of the 
watch for apparent time, undef the meridian of die westernmost 
" place of observation ? 

Constant logarithm, 1.4771 • 
Uist. run S+' P. Log. 0.7238 
Lat. 41° 33' co-sine, 9.8741 

Sum, - - 2.075O 

Course 6 points, sec. 0.4171 
^im. 59° 40' tan. 0.2S27 

Firstcor. SOT. Log. 2.7248 

lune of transit of fiellatrix per equal altitades, 
First coirection, 
Second correction. 

Time of transit reduced to the first place of observation, 12 54 3 
Right ascension ofBellatrix, - - 5 15 O 

Sun's right ascension, - - - 16 19 16 



_ 


_ 




2 075d 


CMvsecarit, 




0.034* 










* 


24" i" 


Log 


2; 109* 


les. 


. 


12h.52'l8^ 






+ 


20 


- 




4- 


1 24 



Approximate time of transit, - - ' i2 jS 44 

Equation to 16h, 19' ajid 12h. 56'p. Table mil. — 2 20 
Equation to 16h. 19' and 51° IS'f Tablexvui.— 36 



Approximate time of transit, - - - IS 52 48 

'J ime per watch of transit, - >- - 12 54 2 



Reuabk. 

In observing equal yhitudesofa fixed star, it will be p^ope^ to ixit 
one whos6 dei.U[iution is u little greater than the latitude of the ship, 
and oftlic same name. Htnce,in places distant from the eqliator, the 
iiiution of the star in altitude will be a maximum, when near the 

• WhcD ihe counc unil il^lVTice mule gond between the oburvRliont, are Kiien In 
placiul iheobwivrd iiiicridl, rniri hourly laic of sailinj, u in .Ilie sbote e»iiu)i>lc, (hit 

•(■ 111 tlili.-liics>, ilie aiKuruciu ot ihii «|Uiiiuu >hould b* tbc loiigiwil* of ibU iiicii- 
, diui tu tttijcti Lilt ctinr ut ihc wntth is m bt louniL 

meridian 
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En&ndlatt ; Uid its altitude vheo in this position may be faurtd by thi 
Following formula: Sine alt. = sine lat. co-secant declination, to radiut 
bnity. In places considerably distant from the equator, the interval 
between the observations will be much contracted, and, therefore, 
any probable irregularity in the rate of the watch will be diminished. 
In these latitudes, the re&actioh near the horizon is very variable } 
but as the altitude of a star, when in a proper position for observation, 
increases with the latitude, therefore, in this case, no material error 
FStn arise from the change of refraaion between the observations. 

Problem VI. 

Giv»n the Latitude of a Place, the Altitude and Declifutlum of the 
Sun, to find tb4 Apparent Time of Observation, and the Error of 
the tVatch. 

Rule. 

t^orf bet the observed altitude of the Sun's limh, and reduce the 
declination to the time and place of observation, which subtracted 
from, or added to, 90°, according as the declination iuid latitude ire 
bfthe same, or of a contrary name, the remainder or Sum will be the 
Sun's polar distance. 

Now, add together the Sun's corrected altitude and polar distance, 
'and the latitude of the place of observation, and call the diSerenci 
between half the snm of^these and the altitude, the remainder. 

I'hen, to the tog. co-secant of the polar distance, add the log. 
secant of the latitude, the I02. co-dne of tlie half sum, atid the log. 
sine of the reminder j half tne sum of these will be the log. sine of 
an arch ; i^hich, being multiplied by 8, will be the Stin's distance 
iram the meridian in apparent time. Hence, the apparent time of 
observation, and the error of the watch, will be known. 

Remabk. 

hi practiee, it will be necessary to take several altitudes, and Ae 
corresponding times per watch, within one or two minutes of timft 
of each other ; and in making the computations, it will be found very 
convenient, and at the same time suj£ciently accurate, to estimate 
the altitude, declination, and latitude, in degrees, minutes, and 
tenths of a minute, instead of degrees, minutes, and seconds. More- 
Over, in this and the following compntations, 10 is always rejected 
Ifrom the index of the log. secant or tangent, when it exceeds that 
quantity, 

EZAUPLSS, 

L 

fciarchi, iBlb, in l*itude 45° 36' N. and longitude 19" 19' "W. 
ithc £}Uowiqg altitudes of the Sun's lower limb were observed, the 

height 
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)i*iglttoftlwcyebeing Ififeetaborethesurfiueofthesea. keq^uirei 
|he apparent time of ooservadoo, and the error of the watch i 

Tune per watch. Alt. 'si. limb 

2h. 5S'32" - 2*° sy 0'sdec.atnoon, p;N.A. = 6"3^ 
5* S6 - Si Eq.Tab.xiii.todec.r , 

SS 36 - a and 2h. SS' P.M. 5 ="~ ' 

36 47 - 35 — todec-andlS" 19'W.=— 1 



20 35 190 Reduced declination, 

Mean,2 55 6 S447.5 Polar distance* 

Semidiameter, - + 16.2 

Dip, _ * — 3^8 

Ccnreclioai • — 1.9 



SO 
30 



CcM-.aIt.O'!tfflit«-=24 58.0 
Sun's polar dist. =96 90 . 
Ship's latitude, 3:45 36 



Sum, 
Half, 
Remainder, 



167 I* 
83 32 

56 Sif 



21049' Y> 



cd>«e<^t, ^ - 0.00286 
secan^ • 0.155)1 



9.05 1 6« 

9.9SL08 



19.14069 
• 9.5T0S1 



Apparent time, - 2 54> 87 
Time per watch, - 2 55 6 



If to the sum of the four logarithms 5.30i63 be added, itid 2() 
fdected from the index ; then this logarithm being found in the Tabli! 
of Rising, will give the apparent time horn noon. 

Thus, the sum of the fourl(*gs. in the above example, 19.14063 
Constant Ic^farithm, , - .* 5.30105 



Time from noon 2h. 54' 37* rising, j - 4.44166 

It. 

April 20, 1 786, in latitude 57** 9^. and nearly trader the meridian 
of Greenwich, the folloving altitudes of the Sun's lower limb were 
observed ; height of the eye 10 feet. Required the eirw of thfl 
watch for apparent time ? 

Tunc 
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^me pep watch. Alt. 0*s 1. limb. 

9h. 20' 27" A.M. S5°4.0' Dec.atnoon, - ll" 46'M. 

21 16 - S5 45 Correction, . . S 

22 ♦ - 35 60 — 

S2 53 . 35 SS Seduced dec. - 11 37 M. 



S3 41 



36 Polar dinsuue, • 76 8S 



il Mem, SS SO 
Mean.S 42. 4 Semid. + 16 






True altimd.. 
Polar di^ance, - 
Latitude, 


S6 2 
78 2S 
47 9 


scomt. 


- 0.0089a 

oseses 


8«n, . r 
Half, . . 
Iletnainder, 7 


171 3* 
85 47 
49 «5 


co-sine, 
•ioe. 


eM6ts 

9.88266 



19.02375 
9.51 I8T 



Time from Doon, - 2 31 44 
12 



Af^Ktrent time, 
Time per watcbj 



^atchslow. 



Ht 



At noon, October 9, 1810, the latitude of the ship by obsemtioa 
was 43° 23'N. and longitude by account 158° 20' W. In theaftemoon 
several alt itudes of the Sun's lower limb, and the cwrespcrndtng times 
^ the watch, were observed, in order to find the error of the watch. 
The mean of the altitudes was 22° 51', and that of the times of 
d»ervatioii 3h. 16* 47", and heightof the eye IS feet. Since noon 
,ihe course per compass was N. £. by £. 7 knots per hour, and 
variation I| points westerly. Required theeiror of the watch ? 

Distance nm--3h. 17' X 7k. ^ 23 miles { and 1^ points allowed 
to the left of N. E. by E gives N. E. 4 N. the true course ; to which 
and the distance 23 miles, the difference of latitude is 18.5', and 
departure 13.7'. Now to the latitude 43°, taken as t course, in a 
traverse table, and departure 13.7' in a diff. lat. column> the distance is 
}% which i^ therefore^ the difiermce of longitude. 

Latitude 



D.q.iizct; ..Google 



" Latitude ait noon,, 43* 23'N. Longitude at noon, 158=' 20' W, 

Difference of latitude, 18 N. DiC of longitude, Id E. 

Present latitude, ♦» 41 N. Longattime ofobserv. 158 IW. 

Ah.Suii's)o>wa-limh,2S 51 Sun's dec), at noon, 6 7S> 

16 Eq.to4ec.andSli.l7'P.M.+ S 

6 - - and 158* SffW. + 10 



meter. 

Dip and refract. - — 6 

Corrected altitude, 23 1 

Polar distance, - 96 20 

Latitude, . - 43 41 

Sum, - 163 2 

Half. . 81 31 

Remainder, - 58 SO 



Reduced declination, 

- - ccMecant, 

- - secaut. 



. - CO- sine, 
- - sine. 



6 20& 
0.00266 
0.14076 



Amarent tims, 3 17 £0 
Time per watch, 3 16 47 



Watch slow, 1 3 

Many different methods, might be given far computing from tltct 
same data, the horary distance of an object from the meridian. It 
is, however, thought proper to sul^oin only the following; tha 
second of which is performed by means of a set of tables calculated 
expressly for that purpose. Vide Tables xxvfi. xxviii* xxix. 

Method Second. 
For comfuting tfu Horary distance of aju Olject from Ike Meridian. 
RCLB. 
If the latitude and declination are of different names, let thdrsuti^ 
be taken, otherwise their difference -, subtract the natural versed 
sine of this sum or difference, from the natural coversed-sine of the 
corrected altitude, and find the logarithm of the remainder j to which 
add the log. secants of the latitude and declination, the sum will be 
thelog. risine of the horary distance of the object frxnn the meridian) 
and if this object is the Sun, the apparent time is known as before. 

. Examples. 

X. 

August 10, 1810, in latitude 51° Sl'N. and longitnde by account 
50° W. at 4b. 5' 46" P.M. per watch, the altitude (» the Sun's lower 

limb. 
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limb wu 99^ V, and height <^ the eye 32 feet. Required the error 
of the mtch tat apparent time ? 

Alt.0'illimb» - 29° 4' 0'ideclin. - \S> 4S'N. 
Sun's seinidiaineter, - + I'S Equation to 50° W. - 



Dipandrefrw. 

True altitude, 


Reduced dedin. 

29 14 


15 41' N. 


Latitude, 
Declination, 


51" 31 - secant, 
15 41 - secant. 


0.20601 
0.01648 


True altitude. 
Difference* 


35 50 N. v.sine, 18928 
29 14 N.co.v.s. 51I6S 

- - S223Slpg 


4.50838 


Time per watch, - 


- 4h. 9* 57" - ri»ng, 
4 5 46 


4.7308S 


Watch iloir, 


4 11 for apparent time. 

n. 





September l6th, 1810, in latitude 33° £6' S. andlondtudc 55° 
$2' E. the mean CMf the times per watch was 8h. 12' 10" A. M. And 
that of the altitudes of the Sun's lower limb 24° 48'| height of thecye 
S4 feet. Required the error of the watch ? 

Obs. alt. C3>'s 1. limb, 24° 48' Q't dec. at noon, p. N. A. «° 48'.6 K. 
Semidiameter, - + K.O Eqoat. to 9h. 48' A. M. + S.7 
Dip, - . _ 47 — ,_ to 55*22' E. - + S.S 

Correction, . i— i.g , — 

— ^ — Reduced declination, - 8 56.0 N. 

Cor. alt. 0*s center, 24 57.4 

Latitude, - 33 56 ■ •■ secant, - 0.08109 

Declinati<», - a 56 ■ - secam, - 0.00057 

Stim, - * 36 52 N. ver. wne, 19997 
Sun's ahitude, - f 4 57.4 N. co. v. t. 57807 

Diflerence, - . . . S7810 log. 4.57761 

Sim's mer. dist: SK.48'16" > linng, - 4.65927 



Apparent tfane, 8 11 4A A. M. 

I'ime per watch, 8 13 10 A.M. 

. Watch iast, 6 S6 

TOL. I. s 
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Method Tmtr. 

For computing the Meridian Distance of an Object. 

RuLa. 

Enter Tab. xxvii. with the decUnatnm of the otject at th« ttipf 

and the latitude of the place of observation in the side column ; take 

out the corresponding number, to vrhich prefix the index 4^- and add 

to it the log. sine of the corrected altitude -, find the natural number 

answering thereto, to which apply the number from I'able xxviii. bj 

subtraction or addition, according as the latitude and declination are 

ofthesameorof contrary names. Now, find the above difference or 

sum in Table xxix. and the corresponding time will be the distance 

of the object from the meridian. 

EXIHFLE. 

May 7, laOS, in latitude 56= 4' N! and longitnde 7" SOT W. 
at 4h. 37' 4" P. M. per wateh, the ^titude of the Sun's lowtr limb 
was ss'e'.l, and herght oftheeye 18 feet. Required die error of 
the watch for the apparent time t 

O's dec. p. N. A. = 16''37'.5 N.- 
Eq. to4h. ST'P.M. + S.3 
- to 7° 30' W. + .S 



Alt. 0's lower limb, 


25" e'.i 




+ 15.9 


Dip, - - 


— 4.1 


Correction, • - 


— 1.9 



Reduced declination, 16 41.0 N. 
Cor. alt. 0's center, 25 16.0 

To latitude 56° 4', and declination 16'* 41', the number from 
TaWe XXVII. = 4.2719 Table XXVIII. = 4451 
Alt. 25° 16' sipe 9.6S0S 

Sam, • - 3.903S Natural number, - 7984 N. 

Apparent time, - 4h. 37' 20" per Table xxjx". - 3529 
Time per watch, - 4 37 * 



Method Fodrth. " 

For computing the Horary Distance of an Olject/rom the Meridian. 

Rule. 

Add the declination of the object to Ae latitude of the place, i£ 
they are of the same name, but take their difference if of contrary 
names : then find half the sum of this sum or difference, and the true 
altitude; also> half their difference, whtdi reduce to time. Now, 



ioogic 



to the lecant of the latitude, add the secant of the declination, the 
cosine of the half sum, and the log. of the half difference in time 
from Table uLix. i then the sum of these four log.'s, rejecting tens 
from the index, being found in Table L. will give the apparent time 
from noon. 

Example. 

In latitude 38* Sff S. and longitude 28° 56', May 18, 1810, the 
true alcitude of the Sun's center will be 18'' 47', at 9h. 8' 52", A. M. 
Required the error of the watch i 

Declination at noon at Greenwich, - . . 19*28' N. 
Sanation to 2h. 53 from noon, - • - . -— 3 
to S8 36.. — 1 

Seduced declination, - - - - 19 S5N. 

Co-latitude, - . SI" SO" - co-secant, 0.106V6 

Declination, - - 19 25 •> secant, - 0.02647 

Difierence, - - S3 5 

Altitude, - - 18 47 

Sum, - - - 50 52 half 85° 86' c*«ne, 9.9557S 

Difierence, - - 13 18 half 6 S9 = Zfi'SS'mid. t. 4.36475 



Time frxnn noon, - 2h. 56' S*" . Rising, 4.45237 

Apparent time, • 9- 3 6 

Time per watch, - 9 8 52 



Mbthod Fifth. 

For computing the Apparent Time from the alserved Altitude of a 
known Object. 

RULB. 
Find the difference between the natural sine of the true altitude, 
a&d the natural number answering to the sum of the log. sines of the 
latitude and declination, if .of the same name; but, tf of contrary 
names, the sum of these quantities Is to be taken ; then, to the log. 
-of this difference or sum, add the log. secants of the latitude and 
declination \ the sum will be the log. ca<sine'of the hour angle, in 
degrees. 

EXAUFLB. 

Let the latitude be 43° 39' N. the Sun's altitude 39° 28', and 
decliit>itioiil6°37'N. Requiredthe apparent time J 

B t Ut. 
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tat. - *$"»»' - 
Declin. I€ 37 

Sum, _ , . 

Aliitude, S9° 28' - 

Difierence, 3 

rime &om noon, 



«, - 9.8S901 - «eant,..- O.1405* 

X, ~ 9.456S2 • secant, - 0.O185& 

- 9.295S8 - 197Sa 
nat. sine, - -63565 

' - 43824 log. 9.64171 

- SO" 48' - co-sme, • 9-80076 



Apparent time^ 
Or, 



3 28 12 P. M. 
8 36 46 A,M. 



Method Sixth. 

Fbr cotsputing the apparent Time from the observed Altitude ^m 

known (Aject. 

RnLE. 

If the latitude and dedination be of the same name, t^ke th^r 
di^rence, and^hen their sum ; but if of a contrary name, their sum 
IS to be taicen, and then their difierence. Now, find the diffi'rence 
between the natural versed sine of this siun or difference, and the 
, natural co-versed sine of the true altitude : also the difference betveen. 
the natural co- versed sine of altitude, and the natural verted sine of the 
supplement of the sum or difference of the latitude and declination, 
according » they ar^ of the same, ^ of a contrary name. Then, 
from the logaritluQ of the first of these differences, its index being - 
iocreased by 20, subtract the logarithm of the second, and half the 
remainder will be the logarithimc tuigent of half the hour angle in 
degrees*, 

EXAMPLB. 

Let the latitude be 53^ 24' N. the declination 5' 44' N. and 
altitude 19" Si'- Required the apparent time ? 
Lat. . 5a''2*'N, 
Ded. - 5 44 N. 



Diff. - 47 40n.v. sine 326557 Dif.lst&2d333884 log. 3.523596 
Ait. - I95In.co-v.sm.660441I>if.2d&Sd3526011og.£^S0751 

Sum, - 59 8 n.v.s.sup.1,513042 — . 

19.592845 
■ S2* 2' 15" - tangent, - 9.796422 



Half boor angle. 

Hour angle, - . - 64 



4 30 : 



; 4h. 16' 18" 



• If ihe log, of the diffennee betwem Ihe iccond »nd Ibird nM. ler. iiiwi, be 
mblisclcd from (hat of the diflrFCnce of the tint and third, ill index bcins lacieated bf 
90, ihcn half Ihe (rmainder will be the log. co-sin« of half the hour ugle. Or, lO t^ 
ffnuundcT, aiUl the coiulant log. 0.SOIMO, and the nat. nnmbei answering to thia aiun, 
i^cling tena in tbe isdrx, will be the i»t. Tcned tine of the nippl(ii>ciil of ttw honuf 
^n>B«e of tbt object from the meridiuij is desreei, am, 

BSUIRK. 
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Rbha&e. 

From the same data, the apparent tiioe may be found by uupection 
in a trarerse table, or by the ' sliding gunter. [See the Author'! 
treatise upon the description and use of that instnunent in navigatioAJ 

pROBLHi vn. 

Oiven the Latitude of a Place, the Altitude of a known fixed Start 
and the Sun's Right Atceiuiont to fitai the Apparent Time, and 
- Error of the Waloh. 

Role. 

Correct the observed altitude of the star, and let its declination and 
right ascension be reduced to the time of observation. 

Wtih the latitude of the place, the true altitude, and apparent 
declination of the star, compute its horary distance from the meridian, 
by any of the methods given in the last problem; which beingadded to, 
or subtracted fu>m, its right ascension, according as it was observed 
intbewesremor eastern hemi9phere,thesumor remainder will be the 
ri^t ascension of the meridian. 

FrOTH the right ascension of the meridian, increased by 54 hovn, if 
oeceisary, subtract the. Sun's right ascension, as givefi in the Nautical 
Almanac, for the noon of the proposed day \ the remainder will be the 
approximste time of observation ; fr<nn wtuch subtract the equation 
uiswering thereto, and the Sun's right ascensioB, &om Table xviii. 
»d let the equation froo} the tame table, correroonding to tbt 
longitude, be added or subtracted, according as the ship is to the east 
or west of Greenwich, and the result will be the apparent time of 
fibservatbn. Hence the error of the watch will be tmown. 

ExiUPLE. 

December 13, 1812, in latitude S7°4«'N. lon^tnde 81* 15'E. 
a certun phenomenon was observed, and at the same instant the 
ahitnde ctf Arcturus, east of the meridian, was obscmd to be 34° C, 
tlie heieht of the eye 10 feet. Required the a|^Knreiit time of 
observation i 



Observed alt. of Arcturus = 
Dip and refection, 


84° 6" 

— 4 






True altitude of Arctorut = 

Polar distance 

Latitude, 


84 a 

60 80 - 
S7 46 . 


co-secant, 
secant. 


. 0.02748 

- aiosos 


Sun, . . 

Half, 

PeiDainder, . - 


141 38 

70 49 - 
86 47 - 

30 39i - 


co-sine, 
sine, 

sine. 


- 9.61666 
. 9.777S7 


Ardi, . . 


19.48880 

- 9.71175 
Aich 



csKc^t.GoOglc 



Arch - - - 


30 S0| 

8 


Arctnraa east of meridian, =1 4 7 5© 
Arcturui's right ascension, — 1* 7 4 


Right ucension of mend. — 
Son's ri^t ascension. 


- 9 59 8 
17 22 38 


Arorozimate time, 

£q. to long. Tab. xviu. 
Eq. to approx. time, - 


16 56 30 
+ 16 
— 3 2 


A{^time of obserTatkm, 


16 33 44 
Remark. 



In order to attain the greatest accuracy from obtemtionfl of thic 
kind, several stars should be observed) and the error <^ the watch 
deduced from each star separately. If an equal number of stars be 
observed on each side of the meridian,and near! j equidistant therefrom, 
those errors which arise from the instrument, the spheroidal figure <dF 
the Euth, &c. will, by this means, be rendered almost insensiUe. If 
the ship is under way, during the interval between the observations 
of the different stars, and if that intervd is consideraUf, it will be- 
necessary to reduce the error to the same meridian, by allowing for 
the difference of longitude made good between the obwervatioos. 

EXAMPLB. 

January SO, 1804, in latitude 53°24*N. and longitode 25° IS' 
W. by account, the following altitudes of Procyon to the west, and 
Alphacca to the east of the meridtaoi were observed by two separMe 
persons at the same infant. The elevation of the person's eye, who 
observed the altitude of Procyon, was 20 feet above the surface of the 
sea, and the height of his eye, who observed the altitude of Alphacca^ 
was 22 feet. Required the error of the watch ? 



Time per watch, Alt. Procyock. 


Alt 


Alpteca. 


Uh, 5S' 0" - . 


2o» tef . 


_ 


41" 23' 


14 ^7 - - 


20 12 - 


. 


42 2 


15 3S - - 


19 42 


. 


42 29 


16 4 - - 


1» 13 - 


• 


43 a 


!34 33 


233 




54 


14 .58 38 . - 


19 58.2 - 


. 


42 13.S 


Dip, - - 


— 4.3 - 


_ 


— >5 


Refrattion,. . 


— 2.6 . 


" 


— 1.0 


Cor.attitude* - 


19 5I.S . 


4t 8.0 








Computation 
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Computation of the apparent time from the corrected altitude of 
Procyon. 
Procyon's altitude = 19" fil'.S 

polar distance - 8* 16.3 - co-secant, - 0.00217 
Ship's latitude, - - 53 84.0 - secant. - 0.82*59 

Sum, - - 157 S1.6 

Half, - - 78 *5.8 - co-sine, - 9.2897S 

Difference - '58 54.5 - sine, - 9.93265 



- 19.44914 
S2 1.8 - sine, - 9.72457 



Procyon's in». diitance, 4 16 14 
— - right ascen. 7 29 2 

Right asc meridian, U 45 16 

Sun's right ascension, 20 47 12 ■ 

Approximate time, 14 57 34 
Equation to lon^. — 17 

Eq. to approz. tune, — 2 34 , 

Af^arent time, — 14 54 49 
Computation of the apparent time from the corrected altitude of 
Alphacca. ' 
Alphacca's altitude = 42" 8' 

- _ polar dist. — 62 37 - co-jecant, - 0.05I6I 

Ship's latitude, - - 53 24 - secant, - 0.22459 



Sum. - 

Half, 

Di^rence, 


158 9 
79 4.5 - 
. 36 56.5 - 


co-«ne, 
sine, - 


- 9.27766 

- 9.77888 






Arch, 


27 38.1 - 
8 


unci 


- 9.66697 


Alphacca's mer. dirt. 


3 41 S 
15 26 23 


Right ascension mer. 
Sun's right ascension. 


11 45 18 

20 47 42 


Approximate time, 
Eq«at.to time andlon 


14 57 36 
— 2 51 


Apparent time. 


14 44 45 


- App. 
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App. time by ob. Alph. Hk. Si' iS" 
App. timebyob-Proc. Il 54 43 



Mean, - - 14> 54 44 

Time per watch, - 14 58 S« 

"Watch feat, - - S S* 



GitfM the Altitude of A Planet to p^ the Jppartnt Time of 
Qiiiervatitm. 

Rdle. 

Let the mean of several altitudes of the planet's center be corrected 
by the dip of the horizon, and the re&action as usual*. 

Reduce the declination oi the planet, as given in the Nautical 
Almanac, to the time and place of observation, and from thence find 
its polar distance ; with which, its corrected altitude, and the latitude 
of the ship, compute its meridian distance by Problem vi. 

Find the proportional part answering to the interval between the 
reduced time of observation, and the tnne of the planet's preceding 
passage over the meridian j which added to, or subtracted from, the 
time of the preceding transit, according as the following transit 
happens at a later or an earlier hour, and the sum or difference 
' will be the reduced time of transit ) to which the planet's meridian 
distance being applied by addition or subtraction, according as it wa> 
observed in the western or eastern hemisphere, and the som or 
difference will be the apparent time of observation : the differoico 
between which, and that showo by the watch, will be its error. 



Febmary 14, I79S, In latitude43»S6'N.amH<Bigitode54'!l6''W. 
the following altitudes of Jupiter were observed, the height of the ey« 
bemg 14 feet. > Required the error of the vratdi f 

Timep.watch= 12h.21'10"'Alt.'^.=lS'* 56* 
22 50 . 16 8 
25 15 . 16 35 

9 15 . . S» 

Mean, - - 12 28 5 _ - 16 9,7 
Jjoag. in time, • 3 37 4 Dip, ~— S.5 

RelracL— 3.2 

Heduced tim^i 16 9 



True althude of Jupiter. - 16 



It bcCDmpBMd 
True 
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Tnie altitude 
}'ubr distance 
LatitU(.l«, 

-Sum, 
Half, 
Remainder, 


of Jupiter, - 


!&> 3' 
100 41 
43 26 

160 10 
80. 5 
64 2 

27 i3i 
S 


co-secaM, 0.00759 
secant. - 0.13896 

co-s!ne, - 9.236D7 
sine, - 9.95378 


Sunj, 

Arch, 

Multiply by 


19.336*0 
siiie, - 9.66820 



Jupiter's meridian distance, 3 42 6 
limeofpreced. Iran. 13d. ISh.g' ]3d. 16h. 9' 

—— of follow, tran. 19 15 4«red.time 14-16 



28 SI : »' 
- 16 9 


49" 



16 B 

S 42 


11 
6 


IS 2S 

12 23 


5 
5 



5 23 37 : 25' : .; 
Preceding traitdt, . . 

Reduced time of transit, - - 

Jupiter's oieridian distiuice, 

Apparent tim^, * .- - 

Time per watcii, - - - 

Watch exact, - - - ■ 6 

Problem IX. 
Giren the Allikide of the Mooa, the Latitude and Longitude of a 
flace, and the eitwatvTime of Observation, tofindtneAppArent 
Time. 

Rut-E. 

Correct the altitude of the Moon's lin^by Prob.xi. page 112, aad 

reduce its declination to the time and place of observation, oyPrt^lem 

vti. page 109. Now, with the latitude of the place, the altitude and 

declination of the Mooi), compute its distance nrom the meridian. 

To the time of the Moon's passage over the meridian of G reenwichi 
as given in the Nautical Almanac, apply the equation irom Table xxt 
answering to the daily variatidn of the Moon's passage and meridian 
distance, and also that corresponding to the daily variation of transit, 
and the longitude of the place tS obseirvatidh. The £rst of these 
equations is additive, if the Moon bt^ in the weftem hemisphere at 
ihfe time of observationi but subtractive* if in the eastern ; and the 
sKond equation is to be added, if tlie ship's longitude is west, otherwise 
■nbtracted. Hence, the potttio^ of the Mom with respect to the 
meridian of the place of observati<m wiU b6 known ; to which the 
Jdoon'i m^ridUio £rWK» being a^^M b^ adf^uw 6r subtraction 
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acetM^ling u the Moon wu observed in the western or eastern 
bemupl^^, And the sum or remainder will be the apparent time of 
observadcHL 

Example. 

March 3, 1792, the following altitudes of the Moon's lower limb 
were observed, the height of the ere being 10 feet, and the ship's 
latitude and longitude 51" 38' N. and 32^ 18' W. respectively. 
Required the apparent time of observation, and the error of the watch ? 

Timt per watch = l ih. 24' 16" Alt. J's lower 1. = 38° IS* 

27 - - - '37 55 

29 10 - - - 57 31 

31 - - - 37 13 

S^ 9 - - - 36 46 



45 35 - - - 157 

Mean, - - 11 29 7 - - ' - 37 31.4 



I 



Augm. sanidfam. + 15.1 
,'sdec. atmidnieht, . 17 6N. IKpi - - — 3.6 
rq.tovar.dec.aDdOh.91', + 2 — — 

and to long. 32° 1 8' W. — 8 Aj^. alt. })'s center 37 43.5 
CaiTection,Tab. IX. 4- 42.0 



Eednccd dcdinadon^ - 17 oN. 



Cm. alt. y» center, 36 25.5 

'To latitude 51" 36' N. and declination 17' O'N. the nninber 
(rem Table xxvu. = 4.226S from Table xiviii. = 3862 

yt alt. 38° 25'.5 sine, 0.7934 

Sum, - - 4.0199 - Natural number, - 10470 

Meridian distance of the Moon, - Sh. 14' SS'Tablexxix. 6608 
J'g passaze over mer. Gr. 8h. 10' 
Eq. to daily var. and 9h. 1 4' + 6 



and long, saris' W. + 4 
Reduced time, - _ - 


S SO o 


Apparent time, - - . 
Time per watch, . - _ 


11 34 33 
11 29 7 


Watch slow, . . - . 


- 5 26 



By this method of tmeration, the time can scarcely be foond nearer 
than one minute. It,- however, a greater degree of i»«dsion be 
required, let the right ascensions c^ the Sun and Moon be reduced to 
the place of observation, and to the apparent time before found. Then 
to the Moon's reduced right ascension, apply its meridian distance by 
addition or snbtractkia, according as the Mooo it observed in the 
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4 


7 SS 56 
S 14 3S 


10 S7 89 


11 95 i» 
11 i9 7 



■ [ )39 3 
/ 
v^stern or eastern heqiisphere, and the right ascennon of the meri^an , 
will be obtained ; from which subtract the Sun's right asceonon, and 
the remainder will be the ^parent time of observation, more correct 
than that found by the former method. Thus in the precedii^ 
example. 

0'»R.A.atnooni» = S2h.59'S2" J's R. A. at midnight, 109"50' 

Eq.to Uh.34'T.zviii.+ i 48 £(j.tored.timelh.M' + B* 

tolong. SS^IS'W. + SO 

Reduced right asceni. 23 2 

Moon's right ascension in time. 

Moon's meridian distance, - - ■ 

Right ascension of the mendiasj 
Sim's right ascemion, - 

Apparent time, - •• 

Time per watch. 

Watch slow, - . 

If the error of the watch, and the chanse of the Moon's declination 
be considerable! the computation of the Moon's distance from the 
meridian must be repeated. 

If the apparent time at Greenwich be known, die time at the ihip 
taxf be very accurately found, by taking out the right ascensifmi o£ 
the Sun and Moon, and the Moon's declination agreeable to that 
time. Then, with the ship's latitude, thf Moon's correct altitude and 
declination, its meridian distance is t<i be computed ; which bong 
compared with its right ascension, will give the right ascension of ths 
meridian, fi-om which the Sun's right ascension being taken, t£« 
reipainder will be the apparent time of observation. 

Since the right ascension and declination of the Moon cannot be 
accoralely reduced to any given time and meridian by even proponioi^ 
this method of ascertaining the time is, therefore, still liable to some 
imcertainty, unless the above data be previously corrected by the 
equation of second difference from Table xzxni. or computed from 
astr(»iomical tables for the given time reduced to the meridian of 
Greenwich. 

The position of a celestial object, most favourable for determining 
the apparent time with accuracy b> when it is in the prime vertical ( 
or, if it does not set, when in that part of its diurnal path which is 
in contact with an azimuth circle ; as then, the change of altitude 
is quickest, and the latitude is not an essential element. The nearer 
an object is to eitl.er of these positions, the less will be the error in 
the time, arisiDg from ^v«n unavoidable arors in the observations 
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^((d Ittjtudf . Table zxv. contaqu the ahliude most -proper for this 
purpose. 

When the decimation and latitude are of contrary namos ; the object 
Is past the prime verticle before it rises ; and is set before it comes 
to that circle : in this case, and upon account of the irregularity to 
friiich t^e refraction near the borizon is liable, the altitude of the 
^ect should sot be under three derrees, nor its meridian distance less 
than two hours, at the time of observation. Otherwise, it is not 
proper to use that object for the purpose of ascertaining the apparent 
dme. 

It i^ay he also observed, that, the less th« latitude and declination, 
and tl^e greater the altitude of the object, the less is the error in the 
apparent time, answering to A given error in the altitude, declination, 
(platitude. 

Tile eAor in the apparent time answering to a ^ven arrar in any of 
these quantities may be found by computation, for which purpose the 
three following problems are inserted. 



Given the LaiihJiU, Azimutki and Error in Aliititde^ tajind the 
Error in the apparent Time answering tltereto. 

Rule. 

Tothe constant log. 1.1761 add the log. co-sine of the latitude, the 
log. sine of the azimuth, and the proportional log. of the error ia 
altitude i the sum* will be the prop. log. of the error of apparent 
time ; which is additive to the meridian distance, if the error in 
altitude be in excess, otherwise subtractive. 

Example^ 

. Let the latitude of the place of observation be ^1° 3I'N. azimuth 
. of the ofa^rved object S. 48° JO' E. and error of altitude 1 0'. Required 
-the correspondiDg error of the apparent time i 



Constant log. 


^ 




1.1761 


Latitude, - - 51" 


SI' - - 


co-sine, 


9.7940 


Azimuth, - - 48 


10 - - 


sine 


9.8722 


Error in altitude, - 


10 - - 


p. log. -' 


1.2553 


Error ia the apparent time, 


r 26* 


p. log, - 


2.0976 



■ItiiilwiyiRibcobfCTFcd, thii inordertoiiirfplirir ibeopCTUion, tcnitiecoinbilljr 
beie,(eted&Oca tke tlidkei, andiheiuiB) ofiiuticc*. 

Problem 
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Given the Error ia Declinaliua, tofind the cariesp^ndiag Erfar im 
the Appareui Time. 

Rule. 

To the constant lov. 1.1761 add the lug. co sine of the declioationj 
the log. tane;eQt of the angle of position , and the prop. log. of the 
error in declination ; the sum will be the prop, log. of the error in th^ 
apparent time, which is additive to the meridian distance* if tbp 
correction of declination is to be subtracted from thp eleTate4 fdiiff 
distance ) ott^erwise, this correction is subtractive. 

EXAHPLS. 

Let the declinadon be 16° S7', angle frf position S7* 29*, and error 
in declination 10'. Required the resulting error ia the apparent time? 
Constant log. - - - _ . . I.I761 

Declination, - - 18" 37' - - co-sine,' - 9,9767 
Angle of position, - 37 29 - - tangent, - 9.88i7 
Enw in declination, - 10 - - p. log. - 1.955S 

Error in the app. time, - 0.55" . - p* ^g- - 2.3928 

Problem XIL 

Given the Error in Latitude, tojind the Error in the ApparstU Time 
answering thereto. 

Rule. 

To the constant log. 1.I76I, add the log. cosine of the latitude, the 
log. tangent of the azunuth, and the prop. log. of the errw in latituJe ; 
the sum will be the prop. log. of the error in the apparent time, vluch 
is additive if the estimate Latitude is- greater than the true latitude, 
otherwise subtractive, the azimuth being less than 90° ; if greater, thf 
contrary rule is to be applied. 

Example. 
Let the latitude be 5V 42^, the azimuth 26" I?', and the error In 
latitude lO*. Required the error in the apparent dm*? 

Constant log. - - . - . . 1.1761 

Latitude, - - 54° 4^ - - cosine, - 9.7618 

Azimuth, - - 26 17 - - tangent, - 9.6936 

Error in latitude, - ^ 10 • - p. log. - 1.255^ 

Error in apparent time, S' fO* - p. log. - 2.S868 

■ Tlieuiirtcofpontton mwlKcanipntnl brtbcfollowlaifannal*. SIm aoslt of 
pcnitioa = co-a. lu. Kc. Kb. MM mcr. (Ust. = M-v laL KC dcd. liM wim«tb,n nAiM 
„Uy. ^ 
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In the preceding methodi of computing the apparent tiAe at sea, 
the altitude and declination of the observed object, and the latitude of 
flu slup, were the necessary data. It is, howerer, almost impossiblfe 
to obtain these elements sufficiently correct at sea ; we have, therefore, 
shown how to make an allowance for any probable error that may be 
in either of these quantities ; butifttiose errors are not known, a 
cmrection cannot be applied. It is, therefore, thought proper to 
subjoin the three following methods of finding the apparent time ; in 
the first of which the latitude is not required as a necessary element ; 
ill the second, neither the latitude nor altitude of the observed object 
are necessary ; and in the third method, neither the latitude nor 
dediiution of the objects are re^ui^te. 



Problem Xm. 

Givtn the Latitude of the Place of Observation, to find the Apparent 
Time when two Itiuium fixed Stars were observed in the same 
VerHeaL 

RutE. 

To Ac log. co-tangent of the declination of the star nearest the 
devated pole, add the log. tangent of the other star's declination, and 
the log. co-secant of the difierence of their right ascensions ; and the 
sum will be the log. of a natural number, the difference between whi<^ 
and the natural co-tangent of the difference of right ascei^ion*, will 
be the natural tangent otvcb first, if the declinations of the stars are 
of the same name; hutif of contrary names, the sum of these quantities 
will be »rch first, 

Kow to the log. co-sine of arch first, add the log. tangent of the 
latitude, and the log. co-tangent of the declination of the star nearest 
the meridian ; the turn will oe the log. co-^ine of arch second. Tlie 
difference between arches first and second, when the common azimuth 
is less than a quadrant, otherwise their sum, will be the meridian 
distance of the star nearest the meridian- Hence the a[^>arent time 
b found, as in Pr«b. vii. 

ExiUPLE. 

July 2, 1810, in latitude 57" 9'N. and longitude 2" 8^. the stars 
Vega and Altair were observed in the same vertical at ^Oh, 9' per 
watch. Required the apparent time of observation, and the error of 
the watch? 



App. 
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App. R. A. of Vent » 277° 37' SO" 
of Akairs 295 «S 59 



Difflofapp-rightas. = 17 45 9 - co-Kcant, • 0.5158M 
App. dec. of Vega =38 36*1 - cotangent, 0.097662 

— _ of Altatr = 8 22 27 ^ tatigrat> - 9.167927 

60314 - 9.780421 
Difference of right asc. 17 45 9 N. co-tan. 5I2S53 

Arch£rst, - - 68 21 31 N. tan. 25203 co-t. 9.56678S 
Latitude. - - 57 90--- tangent, - 0.189975 
A^jar. decl. of Vega, - 38 36 41 - - - co-tangent, 0.097668 

Arch second, - 44 20 28 - - - co-une, - 9.85442S 

Arch first, - - 68 21 31 



16 54 27 

6 42 SB 


10 


11 S2 
1 45 


10 
10 


9 46 
9 



Mer. distance of Vega, 2* 1 3 = Ih. 36' 4" 
Apparent right ascension of Vega, - 18 30 31 

Right aicension of the meridian, 
Sun's right ascension. 

Approximate tiaiei 
Equation to approx. time, 
to longitude. 

Apparent time, - . - 
Tune per watdi, - . - 

Walchsloir, ... - 46 

Remarks. 
I. 
If the right ascensions are equal, the vertical will be the'meridiani 
did bmce the apparent time is eaiily found, br subtracting the Sun's 
right ascension from that of the star, and applying the eqnations am 
formerir. 

n. 

If the stars be observed on the same vertical at different timet, Ae 
difference between the observed interval reduced to sidereal ttme, and 
the difference of right ascension> is to be used in place of this last 

quantity. 

PSOBLSM XIV. 

Ghen the Interval of Time between the Pinng of two \nmun fixed 

Stetrsy tojind the Apparent Time (father Observation. 

Rule. 

Reduce the observed interval to sidereal time, which may be dona 

iritfi tufficicQt accuraeyj by adding to the interval in mean sdartime* 

the 
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the praportional part answering to 2t hours, the abore interval, 4nd 
J' 56", which is the mean daily increase of the Sun's right ascenst<»i ; 
and let the difference between the reduced interval, andthe diSerence 
of the right ascensions of the stars, be called arch first. 

Now, to the log. CO secant of arch first, add the li^. to-tangent ' 
of the declination of the first observed stav, and the Ing, tangent of 
the declination of the other star ; -the sum will be the log. of a natura] 
number, the sum or difference of which, and the natural co-tangent 
©f arch first, according as the declination of the stars are of different, 
or of the same affection, will be the natural tangent of the meridian 
distance of the first observed star, if the declination of that star, and 
the latitude, are of contrary names ; otherwise the supplement of the 
above quantity will be the meridian distance of that star, and heoc^ 
the apparent time is found as formerly. 

,* EXAMPLK. 

October 25, 1792, in longitude fil'E. by acconnt, the interval 
in mean time between the rising of Aldcbaran and Rigel was 3h. 1 7* 
30^. Required the apparent time of the rising of Aldebaran : and 
sn^qrase the watch to have pointed out 6h. 39', at that time, its ecror 
n required? 

App. R.A.ofRigel = 3h.4'3er Observed interval, Sh. 17'S0* 

of Aldeha^ = ♦ 24 S Proportional part, '+ - SB 



Difference of R. A. - 40 8S _ Reduced interval, 3 18 ^ 

Reduced interval, - 3 18 S 



Archfirrt, - - 2 37 29 =39''23'lJi''co-». 0.197680 
App.dec. Aldebaran, Id 4 55 - - co-t. 0.S40I65O.540165 
App. dec. Rigel, - 8 27 9 - - tan. 9.172029 

81260 9.90987* 
Archfirst, - - - 39 S2 15N.co-tan.l21868 

63 47 20N. tang. S03I38 co-sine, 9.645108 



Mer. dim. Aldeba. 116 12 4Q Latitude, 56" 52' tang. 10,185273- 

Ifitinw. - 7h.+4'5I'' 

R. A. Aldebaran, 4 24 S 



R. A.of themer. 20 39 IS 
Sun's right ascen 4 2 18 



Apprax. tidw, - 6 B6 54 

£q. to appro, time, — 13 

tolong. 2I*'E. + IS 

App t. of ris. Aid. 6 36 4 ' Apfb' 
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Appt. t. of rU. Atd. eh. 36' 
Time per watch, 6 S9 

Watch fast, - 9 



I. 

The truth' of the operation may be verified by computing the 
apparent time of the rising of the other rtar ; and if the interval 
between the titnej of the rwing of the two stars by computatiou agree 
with that by observation j or, if the errors of the watch be the same 
in both cases, the operation is right. 

Arch first, - S9° 22' IS" - co-secant, - 0.197680 
Appt. dec. Rigel, 8 27 9 - co-tangent, 0.827971 0.827971 
Appl. dec. Aid. 16 4 53 - tangent, -9.459835 

305831 1D.*85486 
Archfirst, - 39 22 15N.co-tang. 121868 

Mer. dist. Rigel, 76 50 2 SN. tangent, 427702 co-sine, 9.356317 



In time, - 5h 7' 22" Latitude, 56" 52' tangent, 10)8*288 

Rt. asc. RigeL - 5 4 36 

R. A. meridian, 23 5? )4 
Sun's right, asc. H 2 18 



Approx. time, 9 Si 56 

Eq. to app tinie — 1 35 

to long. 2105:. + 13 

Apt. of ri5.ofRtg. 9 53 34 

. of Alcf. 6 36 4 



Interval, 3 17 30, which agrees vith the observed loterfal ; 

iind hence the opentttpp is right. ' 

ir. 

If two known stars are observed to rise, or to set, at the same 
instant, or, if a given star is observed to rise at the time another 
star is setting, the difference between the right ascensions of the two 
stars will be arch first 1 and, the operation being performed by the 
preceding rules, the amnrent time of observation, and latitude of the 
place, wUl be obtained. 

VOL. I. ' 1. PpoBtBU 
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Problem XV. 

Given fhrte Alliludei 0/ ibr Sun, or afi-ed Star, with (bt Interval! 
of Timt between the Obsfrvations, to find the JpparaU 7 ifiu of 
eitber Oitervalion. 

Rule. 

Let half the interval between the observations of the two greatest 
altitudes be reduced to degrees, and called arch firil ; call half the 
' interval between the instants when the two least altitudes were 
observed, arch itcond; and let the sum of arches first and second 
be arch third. 

From the natural sine of the greatest altitude subtract the natural 
sines of the other two altitudes respectively ; call the greatest remainder 
3Tch/ourll', and the least arch fiftb. 

Now, to the ar-co-log. of arch fourth, add the log, of arch fifths 
and the log. sine of arch third ; the sum, rejecting radius, will be 
the Ic^. of arch sixth. To the log. sine of arch first add the log. co- 
sine of arch second ; the sum, rejecting radius, will be the log. of 
arch seventh. To the ar-co-Iog. of the difference of arches sixth and 
seventh, add the log. sines of arches first and second ; the sum, re- 
jecting radius, will be the log. tangent of arch eighth, the difference 
between which and arch thini, is the a[^nrent time &om noon, when 
the greatest altitude was observed, 

Behark. 

If the object b a star, the observed intervals must be reduced to 
sideral time. 

C;dl the index of the log. of the difference of the natural sines 9, 
when that di^rence is 1 less than the radius of the ubie, 8 when it 
is s less, 7 when 3 less, and son on. 

ExAUPLK. 

At flh. 51' 58" A. M. per watch, the correct altitude of the Sun's 
center was 21" II' ; at I Oh. 48' 54" the altitude was 24° 40'; and 
at llh. 29' 4«" the altitude was 26° 0'. Required the apparent 
time when the greater altitude was observed? 
Time per watch. 

f^fi' ii'D'f=^^^"H=''^«8'28"Indeg.7»7'arch2d? I2«I3' 
n 29 42 Dif.=*0 48 Half=20 24 Indeg.5 6 arch Irt j ^iKhM. 

Alt. =21° ll'Nat.sine,36I35 ,.^ _ -^^ ,^ . „ 

24 40 Nat. sine, 41734 ^|^' " ' 1°! = "^J'^'i'l^ 
26 O Nat sine; 43837 '"^- ^ 103 = arch fifth. 

Arch 
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Apchfour^ = 7702irf-«>Jog.l.!lM0 irchflftt 5*6'siae, «.9«87 
J^ich fifth =8108 - log. 8.S32S4. arch sec. T J co-i. 9.9966* 

Arch third = 12° iS' sine, 9.S2S5S arch sev. 88S1 log. 8.94551 

Afchdith = - - - 8.76177 - - b778 

JKfference, - * . S0t9ar-co-log.l.5167O 
Ai-ch first, - - - *'6'sine, - 8.9*887 

Arch »ecoftd, * - - 7 7 «ne, 9.09$04 

Arch eighth, - - - 19 B4 tang. 9.55861 
Archtlmd, - - - 1« 1» 

Merid. distance, » * - 7 ♦llndnie=«0'W 



Apparent time» 
Time per watch. 



Reuakc. 

tn the precedioe problems for computing the apparent timf from 
an observatKHl oTthe altitude of a celestial object, the Earth was 
supposed to be spherical, and the computations were performed 
agreeable to that hypothesis. But because the figure of thie Earth i« 
that of an oblate ^heroid, the latkude of a place, ai inferred dbectly 
from observation, is, therefore, greater than the angle at the Earth's 
tenter, contained between the equatoreal radius, and a line joining the 
iuQter of the £arthaiidthe^K«of obsemtion. This reduction of 
latitude, atx«rding to Sir Isaac Newton's hypothtus, if cont^ned in 
Table xxxvi. 

As the ^tude of a cdestial object is observed from the visiUe 
horizon, whose pole is the apparent zenith ; therefore, in order {o 
make an allowance for th» spheroidal figure of the Earth, a correcii^ 
roost b« ap^ied to the obserred altitude, to re&r it to fh« rcdvccd 
norizon. Table xxvi. contains this reduction. Since tha redncod 
zenith is always more distant from the elevated pole than the apparent 
zenith, the above correction ts, therefore, additive, wheQ the umuith 
reckoned from the meridian is less than 90°, but lubstractive, wfan ii 
exceeds that quantity. 

la order to iUmtrat* the ahOTC, the foOowiag emnple of the 
•computation of the ^parent time, frtnn aa observatifm of the Sun'l 
altitude, is inserted. 

JuneS4, 1803, in latitude 57" S' .9 N. and long. SOS'W. about 9h. 
P. M- the altitude of the Son's lower limb was 42° 24', and height 
of the eye IS ftet. Required the apparent tune of obierntion ? 

vS AUhiid» 
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Altitude* 
. 3emidiameter. 
Dip, - - - 
Correction, 


+ 15.8 

— S.i 

- — .9 


Loatude, 
Reduction, - 

Reduced lat. - 

- CO. secant, - 

- secant, 

- co-sine, 

- sine, 

- sine, - 


ST $'.9 
— 15.7 


56 55.2 


Corrected alt. 

Red. Tab. xxxvi. - 


42 95.5 
+ 5.7 




Reduced altitude, - 
Polar distance, - 
Latitude, 


42 41.2 

- 66 33.2 

56 55.2 


0.087427 
0.262959 


Sum, 
Half. 
Remainder, 


166 9.6 

85 4.8 
- 40 29.6 

23 15.5 

8 

3 6 4 


9.811596 


Half hour angle . 
Multiply by 

Apparent time> 


19.192909 
9.59645* 




CHAP 


IV. 





Of the Methods of clearing the Jpparant Dittanee hftwem iha Moon 
and the &un, or a JixKl Star, Jrom the- Effects of Refraction and 
Parallax, 



OiHCE the observed altitude of a celestial object is atfkted by twa 
pbysical causes, the re&action and parallax, whose eSectsi are produced 
m a Terttcal dbection ; rt is, therefore, obvious, that the observed 
distance between any two objects will be also affected by these caaseS. 
Indeed, wkh regard to the fixed stars, the parallax vanishes ; and, 
therefore, these objects are affected by refraction only. But in 
gbservations ef the Moon particularly, the effect of parallax is very 
sensible, upon jucount of its. proximity to the Earth. Therefore^ by 
reason, of the above causes, the true distance between t^ie Moon and 
any celestial object is,- for the most par^ considerably different from 
that observed. 
Let Z (£|^ 24 ) represent the zenith, s the a^pamt i^ace of th* 
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Son, and m that of the Moon -, the arch sm will, therefore, he th< 
apparent distance between these objects. Also ZS, ZM, being 
vertical circles, passing through the centers of the Sun and Moon, the 
tnie and apparent places of these objeas will be found therein. 

Now, since the refraction is ever greater than the parallax of the 
Sun at the same altitude, the true place of the Sun will, therefore, be 
lower than the apparent place, which let be S t and because the Mocm's 
Jnrallax, at any given altitude, is greater thjn the refraction at that 
altitude, its true place will, therefore, be higher than the apparent 
fixe, which let be M ; hence, SM will be the true distance. 

The method of reducing the apparent to the kme distance, or, in 
other words, that of clearing the apparent distance from the effects of 
refraction and parallax, being the most tedious partof thecalculusfor 
ascertaining the lon^tude, when the calculation is performed bj 
the common spherical analogies ; many eminent astrontHaert and 
mathematicians have, therefore, given compendium! to facilitate the 
qolutioD of this [n-oblem; among which are tJiose by the Chevalier de 
Borda, the Abbe de la. Caille*, Messrs. Delambre, Duothome, 
Elliot, Emerson, Jeiurat, Krafit, De la Lande, Legendre, Lyons, 
Maskelyne, Robertson, Romme, Witchel, Vince, &c. ; but the largest 
and most elaborate work, that has hitherto appeared for the purpose of 
cturecting the apparent distance, is the Camliridge TatUsf. These 
table were calculated by Messrs. Lyons, Parkinson, and Williams, 
under the inspection of iJr. Shepherd, Plumianfrofessor of Astronomy 
at Cambridge, by the rule formerly given by Mr. Lyons, in the first 
edition of the RequitUe TahUs. 

All the methods that have hitherto been given, for the purpose of 
reducing the apparent to the true distance, depend on one or other of 
the two following principles ; of which, the first appears to be the 
most simple and accurate. 

FiKST Gbkbral F*ikcipls. 

With the ^iparent zenith distances Zm, Zs, (fig. S4) and the 

apparent distance between the objecu ms, compute the vertical angle 

mZs : with which, and the trae zenith distaiKes, ZS, ZM, the true 

distance Zm, may be found. 

Second General Fhinciflb. 

Z (fig. S5) be the zenith ; Zm, Zs, the apparent zenith 
s of the Moon and star, and sm the apparent distance. I^et 
Ss> mn^ be the refractions id aj^itude of these objects respectively. 



ue Kqvhcd, it becoma Mfuiaryio apply u](i(h«coiiecti»nde]wndiii(ini the Su^'a 
puillu. Thi« ctxrectioo mn be ttkcn fraia Tablet v. uid > i. luppleitKiiEU of the 
tiH edMon ot die Reantiite TablM, Mr MMceit'i bnrHade Tablet ue deduced from 
4e CMibfi^ -rttlei. • T • 
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hiD 6n, and draw sa, tah perpendicular thereto ; and Sa, nb lUB bt 
the tffeets of refraction; which, therefbrei being ap^ed t* the 
^Ktrent distance, sm will give Sn, the distance correOed br refinction- 

Again, let nM be the parallax of the Moon tn altitude } then 
SM Dcing joined, will be the tnie distance. From M cbaw Mc 
perpendicular to Sn, and en will be the principal effect (rf" parallax in 
distance ; which, being applied to the distance corrected by refraction, 
will give the arch Sc. T^ow, in the right-angled s^erical triangle 
ScM, Sc and Mc being given, SM may be ftund, or rather tne 
difference between SM and Sc may be computed, which, being aj^ed 
to Sc, will give the true distance SM. 

If the object with which the Morm is compared be the Sun, another 
correction depen«ling on the parallax of that object is necessary.— 
lliis conrction may be computed on the same princijries as the enect 
•f the Moon's parallax. 

The first of the following methods is, perhaps, as easy a solution of 
this problem as has hitherto appeared, especially when the table of 
natural versed sines is used, whieh accompanies this work. The 
second is another solution, which will be found extremely easy, by 
using the table of log. sines, now inserted in the second vtrfume <n 
this edition ; and the third and fourth methods 'Ore given, merely 
because they may be performed entirely by natural versed sine*. 
These methods depend on the first general [»-inciple. The other 
methods are deduced from the second general principle. 

Problem I. 

The Apparent Ditianre letween the Moon and Ihe Sun, or a fixed Slar, 
together with the Attitude of each being given, tojind the Ttui 
Dultmce. 

ftfSTUOD I 

Of reducing tlie Appareni (o the True Distance. 
■ RtltE. 

Take the correction of the Moon's altitude from Table ix. to wluch 
add the correction* of the Sun's altitude, or the refraction of the star. 
Now, this sum added to, or subtracted from, the difference of the 
apparent altitudes, according as the Moon is higher or lower thm the 
bun tir star,_will give the difference of the true altitudes. 

From the natural versed sine of the observed distance, subtract thit 
natm^ versed sine of the difference of the apparent altitudes, and to th« 
log. of the remaisder add the log. fromTlible xlii. answeril^g to ths 
Moon's apparent altitude and bcn-izontal parallax, corrected by the 
number fiwn Table xliii. or xLiv. acconUng as the distance betwcett 

■ The (liScrenoe between (he nliaction and piralLii of ihe Sun in alUtudt. The 
icTractioali cctii»iiitdinT«bt« vff and tht Sub'i parallax In Table vii. 

tlw- 
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the Moon tnd the Sun, or a fixed star, is observed. Now, thenatu- 
ral number amvrering to the sum of these two 1(^. being added to 
the natural versed sine of the difference of the two altitudes, will give 
the natural versed sine of the true disrance*. 

ESAUPLSS. 



Let the apparent distance between the centers of the Sun and Moon 
be 81° 23' 38", the apparent altitude of the Sun 27° 49', the apparent 
altitude of the Moon 48° 22', and the Moon's horizontal parallax 
da'iS". Required the true distance? 

App, distance = SI" 2.V 38"N.V.S.=850359 
Dif. app. ait. = 20 39 N.V.S. =s 6*248 

log.dif.t.xi.ii.9.99462S 

C(W.J'salt. = + 38 12 Dif. = 78611I - log. - 5.89548+ 

©•salt. =+ 1 40 N.No. =776*38 - 6.8s»0107 

Dif. title alt. = 21 18 52 N.V.S.s: 68401 

True (Ustaace, 81 4 26 N.V.S.=844839 

II. 

Let the apparent distance between the centers of the Sun and Moon- 
be 73" 31' 4v", the apparent aititude of the Moon ig° 19, that of the 
' Sun 25* 16', and the Moon's horizontal parallax 56' 38". Required 
the true central distance i 

App. diitance=72'' 21' 40"N.V.S.=696989 
Diff. app. alt. = S 57 N.V.S.= 5387 

-■ ■■ ■■- log. dif.t.XLii. 9.997814 
Cor.J'salt. =—50 39 Dif.=6915»6 - log. - S.SSgi.SS 

0's alt. =:— 1 52N.No. =698123 - - 5.837666 



IKf. true alt. = 5 4 29 N.V.S.= 3920 
True di«taiice=72 3 50 N.V.S.==692043 
IIL 

Let i3ie apparent distance between the centns of the Sun and 
Moon be 96° 19'25", the apparent altitude of the Sun's center B" 37', 
that of the Moon's 5° SO, and the_ horizontal parallax 56' 20". 
Required the true distance ? 
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Aw*, distance 96* 1 9' SS-T^.V-S. 1 1 10] 44 
Dif. app. alt. 3 7 0"N.V.S. 001479 

: Log. dif. 9.099501 

Cor.)) 'salt. — 46 58 Dif. 1108665 - log. 6.044800 

©'salt. — S53"NNo. Il073g0 - - - 6.044301 



Dif. troe alt. 2 M fl" N.V.S. 000761 ^ 

True distance 96*=" 12' 31" N.VjS. 1108151 ■ 

Remarks. 

When the objects are in the same vertical, their true distance is 
greater than the apparent distance, by the difference of the refractions 
answering to the altitudes of the objects ; and, when in the same 
almacaritar, the effect of relraction is nearly equal to 1 14" multiplied 
by the tangent of half the ditance, which quantity, is additive to the 
apparent distance. 

Again, when the objects are in the same vertical, the true distance 
is greater or less than the observed distance, by the difference of their 
parallaxes in altitude, according as the altitude of the Moon is greater 
or less than that of the other object ; and, when the objects are in 
the same almacantar, the true distance is Jess than the apparent, by a 
quantity equal to the product of the sum of the horizontal parallaxes, 
by the tangent of half the distance, and the sine of the common 
altitude. 

The correction of distance is very little, when the angle at the 
Moon is a right angle ; that is, when the sine Moon's alt. = secant 
dist, X sine alt Sun or star. Now, the distance and altitude of the . 
star remaining the same, the true distance wil I be greater or less than 
that observed, according as the Moon's altitude is greater or less than 
that found by the above formula. Or, sine alt. star=co-sine dist. X 
cine alt. Moon, when the correction nearly vanishes. And the true 
distance will be greater or less than the' apparent, according as the 
altitude of the star is less or greater than the above quantity. 

When the observed distance is greater than 90°, it is almost always 
greater than the true distance- 
When the Moon is in the nonagesimal, that is, when a line joining 
the cusps of the Moon is perpendicular to the horizon, the correction 
of distance is very little ; the objects being nearly at equal distances 
from the ecliptic, and on the same side. If the object, from 
which the Moon's distance is observed, be nearer the elevated pole of 
the ecliptic than the Moon, the true distance will be less than the 
observed distance ; but if the object be more distant from that pole, 
the true distance will be greater than the apparent, 

Mbthod 
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C)f reducing the Affomt to-the True DutaHCe. 
. Rule. 

To tke sum of the apparent dtkudes of the <^ects add the correction 
•f the MooAi altitude, and subtract that of the Sun or ttBT} aad half 
the agcre^R will be half the lum of the true altitudes. 

To the apjiafent distance add the apparent altitudes of the centers 
of the Suri and Moon ; find the difference between hstlf the turn and 
the apparent distance. 

Tate the log. from Table XLn. answering to the Moon's appar^it 
altitude and horizontalparallix, to which add the log. co-sines of the 
above half sum and difierence, rqect 10 from the sum of the index % 
these three logarithms, and half the remainder^ will be the log. woe 
of an arch. 

Now add together the log. cosines of the sum and difimnce of 
this arch, and half the sum of the true altitudes ; then will%atf the 
turn of these two logarithms bethelog.nneofhalf the true diitlOG** 

ExAUPLBS. 
I. 

Letihe apparent distance of the Sun and Moon's centers be 98° 45* 
40", the apparent altitude of the Moon's center £9° 51', dut of 
theStm'5center35'^4S',and the Moon's bonzoaiai parallax 57' 43"? 
Required the true distance ? 

-Sum of apparent altitudes 69" 1 4' 0* 

Correction ])'s altitude + 46 S9 

Carrection 0's altitude — 1 IS 

App. distance = 88° 45' 40", — — — " ■ ' — 

App.altitude ]) = 29 31 Sum of true altitudes • 66 1 SI 

App. altitude = S5 43 Half sum true ahkodet S3 O 40} 



Sum - - - lOS 59 40 
Half - - - 51 59 50 
DiffCTsnce - IS 14 10 


^: 


dif.ub.xLir.XLni 

- co-sine - - 

- co-sine - - 

- dae - - - 

- co-Mne- - - 

- co-une - - 

- aine - . - 


. 9.996578 

9.789369 
9.988307 


Halfsnm true alt. 33 40J 
AitJi . - . 50 27 19 J 


19.774854 
9.887127 


Sum - - - - 8S 28 
IKS««nce - - 17 26 39 


9.056071 

9.97955S 


19 14 11 


19.035624 
9.517813 



Truet&taBce • 38 88 82 

■VOL. r. 
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Rbhau. 

In placeof taking the sine of half the sum of the three logs, its 
co-sine may be found ; then half the sum of the log. sines of the sum 
and difference of this arch, and half.the sum of the true altitudes, will 
be the log. sine) and half the true distance. By this transformation, 
the first three logs, will be co-sines, and the last three, liaesj which* 
probably, may assist the memory. 

II. ' 

The apparent distance between the Moon's center and a AHetis, is 

64° 36' to", their apparent aJtitudes **" 3S' and 11° 51' respectively, 

and the Moon's horizontal parallax 61' 10". Required the true * 

distance? 

Sum of apparent attitudes = 56° 24' 0* 

Correction of ^*s altitude + 42 38 

Refraction of jft's altitude — 4 27 

Apparent distance 64* S6' 40" ■■■ — 

AppanKtalt. ]) 44 S3 Sum of true altitudes - 57 2 II 

Apparent alt. :^ 11 51 Half sumof true altitudes 28 31 £| 

Sum - - ISl 40 Log.dif.Tab.XLii.andxi.iT.9.9947«0 
Half - - 60 30 20 - - co-dne - - 9.692264 
Diflerence - • 4 6 20 - co-sine - 



Half sum true alt. 
Arch - 


28 SI Si 
45 50 58^ 


- co-line - 

- sine - - 

- sine - - 

- siae - - 

EMIRKS. 


19.685898 
- 9.S42949 


Sum - - 

Difier«nce - 


74 22 4 
17 19 53 

32 23 7 


. 9.9836S1 
- 9.474067 




19.457698 
- g.728849' 


True distance - 


64 46 14 

Ri 





I. 

The remaining, part of this operation may be performed as follows: 
from th* natural versed sine of the supplement of the sum of the 
true altitudes, subtraa twicf* the natural number answering to the sum 
of the three logs, and the remainder will be the natural versed une 
of the true distance. 



Sum of four logs. - 9'€85898 ■ 



485174^ 



Sum true altitudes - ' 57° 2 

True distance - - 64 46 14 -_ Nat, ver. i 



Nat. No. 

Double - 970349 

Nat, ver. sine sap. 1544106 



578757 
Or, 
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Or, from half the sum of the three It^arithms, its index bring 
increased by 10, subtract the lo^ co-sine of half the sum of the 
true altitudes, the remainder will be the log. sine of an arch ; the 
W. c»<ine of which being added to the log. co-sine'of half the sum 
ot the true attitudes, the imn, rejecting 10 from the index, will be 
the log. sine of half the true distance. 

Half sum I(^ + 10 = - - 19.842949 
Halfsumtruealt. 28°31' S'" co-sine 9.94S824 - - 9-9*5824 



53 26 29 aae ' 9.899125 co-une 9.785025 



Half true distance -' - - SS S3 7 sine - 9.728849 



True distance - - - . 64 46 14 
Many other transformations might be gi-vtn. 

IT. 

■ When the distance Is given in degrees, minates, and seconds, and 
the computation performed by means of the common log. tables, it 
will facilitate the pnH:tice to omit the seconds till the operation is 
finished, and then add them to the computed distance. It may also 
be observed, that if the unit figure in the minutes of the sum of the 
apparent altitudes and distance be an odd digit, it will be proper to 
increase that simi by one minute ; and in this case, the complement 
of the omitted seconds to 60" must be deducted from the computed, 
distance. 

m. 

Let the apparent altitude of the Sun's center be 87' 43', that of the 
Moon's 46° 18', the apparent distance 54° 57' 35", and the Moon's 
horizontal parallax 59' 33". Retjuired the true distance i 

Sum ofapparent altitudes = 74^ 1' 0" 

Correction of ])'saltitude=+ 40 14 

Correction □f0'saltitude=-^ 140 

App. distance — 35*= 54" 57' -■"■■' ■ 

Apparent altitude ]t 46 18 Sum of true altitudes' - 74 S9 34 

Apparent altitude O 27 43 lialf sum true altitudes - 37 19 47 



Sum - - - 128 58 Log. dif.tab.xut.XLiii.=9.994729 
Half - - - 64 29 - - co-sine^ - - 9.6S4249 ' 
Difference - • 9 32 -. - cosine - - 9.993960 



Halfsum true altitudes 37 19 47 19.6 

Arch - • -49S7 15--noe-- 9.811469 
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Diference 


IS 17 4» - . 




«7 S7 20 . . 


Compoted duunce - 
Seconds omitted - 


54 54 40 
+ S3 


True distance 


54 55 15 




Method III. 



J 9.92751 5 
9.663757 



(^ reducing tke Jfpparmt to ike True Dittanca. 
RuLl. 

To the natural number aDswerisc to the mm of tbe logarithmic 



nnes of the apparent altitudes, add the natural versed sine of>the 
apparent distance, and reject the left hand unit ; then, to the log. of 
the remainder, ftdd the log. secants * of the apparent altitudes, and the 
log. co.sines of the true altitude* ; and from the natural number 
answering to the imn of these five Ifigarithma, unity being prefixed, 
subtract the natural number corresponding to the sum of th» 
logarithmic sines of the true altitudes, thp reptthtdgr will be tfa« 
natural versed line of the true distance. 

EUMFLE. 
Let the smparent distance between the centers of the Sun and 
Moon be 108^ U' 31", the apparent altitude of the Sun SG" iff, that 
of the Moon 24° 50*, and hOTizontal parallax 59' lO". Required the 
true distance? 

ApparentaU.oftheSnn96°S5' 0" Af^tarent ah. Moon fi4<*50' Of 
CoiTectioa of Sun's alt. — 1 10 Cor. of Moon's alt. + 51 3& 



True alt. <^ the Sun S6 23 5o True alt. of Moon SS 41 99 
App.alt. 0SS<*S5' - sine9.7?353S - secant . -0.094355 
App.alt.^ 21 50 - Hne9.62S229 •, secant - -0.042137 



g. 396762 Nat. N. 2*9328 
App.dift. 108 14 S4 . Nat.ver.sine - 1.S1S044 



lt.©S 
h. ^ i 



588367 lDg.9.75003tt 
i 9.773S33 - co-sine - 9905754 
I 9.eS7057 - co-siae * 9.954799 



9.410990Nat.N. 1.5585M 
Nat.N. 257270 



TifBedtMi 107 32. I - Nat.veT'sioc - 
« Or Ae uitlunetialcoiDpleincattfirtlw IfCi 
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From this method many others may tw deduced for ascertuaing 
the true distance between the Moon and tha Sun, or a fixed star. 



OfTcdacing the Apparent to the True Dhtance^ ly Natural Verstd 
Sines only. 

Rule. 

Trom the natural versed sine of the supplement of the sum of the 
•^tparent altitudes, subtract the nat. vers, sine of the diS«-ence of the 
^parent alt itades, and call the remainder arcA ^rs/. In like manner 
proceed with thfe true altitudes, and call the remainder aroh tecond; 
and, from the nat. ver. sine of the supplement of the sum of the 
apparent altitudes, subtract the nat. ver. sine of the apparent distance> 
and call the remainder arch third. 

Now, divide the product of arches second and third by archfint} 
and the quotient, subtracted from the nat. ver. sine of the supplement 
of the sum of the true altitudes, the remainder will bethenM. versed 
^e of the true distance. 

If vill fuilitate the operation, to perform this last part by logarithmi; 

Example. 

Let the apparent distance between the Sun and Moon be 59' 28' 
20", the apparent altitude of the Smi 56° 52', and that of the Mood 
S8° 34', and th« Moon's horizontal parallax6r 16". Required the 
true distance i 



App.»li.Osfl°ja'«"— 


'.?&?] 


=:iru<»lt. so°ii'a»» 






Sam ■ g» le 
DiSerenc* IB an 


on, V.I 


lUp 




00 

17 * 
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r.»jnp. 8MS07- 


fotwr 


Arch em 

Appu dhiaaee S9' 


aa'ac 


ut. 


«M7I7 


4b;04« 


Arch tecond - e47»0 




Accb ibird 








41010*; 


Now 


4101 


>x«v*» = 


411781 


Tiuc diatuioe 






58" *a' 


ao' 


Nsl. 


N»e7i7 
Ver. Sine - . - 


480o;« 



Method V, 
0/ reducing the Apparent to the Trut -Distance > 

" Role. 

From the logarithmic difference insvreringto the Moon's apparent 

altitude, and horizontal parallax,' subtract the constant log- SOIOSO, 

the remainder will be the log. cu-sine of an arch. To the natural 

Wted sine of the supplement of the nun, and the difference of the 

apparent 
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ansrent altitudes of the objects, add the natural versed sines 
m the suiB( and diSerence of the above arch) and the apparent 
distance, and the natural versed sine of the difference of the trne 
ahitudes, the sum, rejecting 4 in the left hand place> will be the 
natural versed sine of the apparent. 

Example. 
Let the apparent distance between the Sun and Moon be SfjP 9' 
39", apparent altitude of the Sun *iP V, that of the Uoon 35° 44% 
and horizontal parallax 57' 25". Required the true distance ? 



Xa>| dif. to })*s alt. 35' 44' 
D'd. appt. alt. - 8' 17' 



and hor. par. 57' 25 - 9.995936 
- const. log. - 0.301030 



Arch 


60 


IS 28 


- ■ - co-Mne 


- 9.694906 


Appu dist. - - 


50 


9 39 


Nat. ver. sine sup. 




Sum of two first ■ 


- €8 


35 28 - 


- J. 365021 


Difference - - 


62 


1 28 - 


Nat. ver. sine sup. 


- 1.61.-.i25 


Stun of two last - 


110 


28 7 - 


Nat. ver. sine - 


1 349C94 


Difference - - 


10 


S 49 - 


Nat. ver. sine 


015641 


Di£ true alt. - 


7 


30 50 - 


Nat. ver. sine 


008587 


True distance . 


49 


46 19 - 
Rema 


Nat, ver. sine - 

RES. 


4.354168 



If the arithmetical complement of the two first quantities be nsedj 
instead of the natural versed sines of their supplements, then 2 is 
to be omitted in the left hand figure ; or, from the sum of the nat. 
. versed sines of the three last numbers, subtract the sum of the versed 
sines of the two first, and the remainder will be the natural versed 
sine of the distance. 

n. 

This method is the same as that ^ven by M . Krafit, of Petersburgh", 
the only difference being in the mode of arrangement, andheemjdoys 
tht last m£thod of computation mentioned in the preceding remark^ 
namely, that of subtracting the. sum of the two first natural versed 
sines from that of the three last, to obtain the natural versed sine of 
the true distance .- and in order to simplify this operation, M. Via 
Swinden calculated a table which he calls p, but which has since been 
named a Table of Auxiliary Angles, which may be easily deduced 
from the table of logarithmic difference, as shewn in the rule. 

• Kon A«a Pctripoliiaiue, ITOI. 
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Upon this subject M. Vui Swiuden expresses himself u follows : 
" De beroemde Krafft heeft in het jaar 1791, eeae nieuwe en 
ongemeen eenvouwige loanier voorgedraagen om den schynbaareD 
a&tand tot den waaren tc herleiden. De bewerking geschiedt zond^ 
logaritknunt en benaat eokel in bet optellen van drie, en aftrekken 
van twee siims versus. £r behooreo dan tot deaze faandel wyze 
Tafeis van f MUX vernu, ten tninsten van 10" tot 10": deeze zyn door 
Mackay bereekend geworden, en wj hebben ze van danzelvea 
overgenomen, en in onze ferzaTiuImg, all de xxiv. Tai«l geplaastst. 
Maar in de manier van Krafft wordt een zeekere hoefc geln^rickt, 
dien wy p zullen noemen : en waarvan de grootte afhangt van de 
schynbauv hoogte van bet middelpunt en Tan bet Iwrizontul 
verschilzicht der Maan : Wy hebben eene Tafel van die hoeken p 
bo-eekend: het is de xxi; waar by de xxii. en xxiii. bebooren, 
cm de zelfde reeden als de xvn i . en xxix. tot. de xvii. Die Tafd 
is diu in het gebruik volkomen gclik aan de zri i, Tafel*." 

RSHARK. 

The preceding methods being derived from the first general 
principle^ are stnctly accurate ; the rules are also easily remembered, 
upon account of the uniformity of the mode of calculation. In order 
to illustrate the second general principle, the following methods are 
subjoined, which, thou^ only an approximation to the truth, wilt 
generally give the true distance withm a few seconds. 

Method VI. 
Of reducing the Jpparent t9 the true Dittaitee. 

Role. 

To the log. co-tangent of half the sum of the apparent' altitudes, 
add the log< tangent of half their difference^ and the log, co-tangent 
of half the apparent distance ; the sum will be the log. tangent of 
arch first. 

If the Moon's altitude is less than diat of the star, the sum of arch 
first, and half the apparent distance, will be arch second, and the dif- 
ference arch third } but if gxeater, Uieir difierence is arch seconJ, and 
sum arch third. 

* Thecclebnted Kraffl prapoKd in Ihe re« i^ai, tnewaad uncommonly limple 
mnbod n> find tbe uue finm tfw apparent digimce. ' I'hc □pcrslion la vithoul lagtriibmt, 
■nd couiiti only in adding three and lubtnctiDg iwo vcncd lioei. Tablet of vcnei tinea 
are neceiiary foi ihi» method from 1 o" to lo", Thne haire been oonitructed b* Mack»7-, 
and we hare adopted ihera in our collaction, and placed them ai tbe ixii, TaJile. In 
Kcaflt'i nethod, a certain angU ii uaed which we call p, (he meuure of which dependi 
' upon tbe apparent aUitude af the center, and apoa the parallai and rcfimctioa of tbe 
Mood. WehaTccsnitiucteda t%ble ofiheie anileip, iiii tbexzi. lo which tbe xiii, 
■Mdxini.bclimi, for the noM reason Chat TRbTetxYiii.tnd lu. belong tt> Tabic iTii. 

To 
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,T0theIog.C0-ting«Qt of arch third, add the log 'casenm of the 
Moon'a tdtitude corrscted b^ refracticm, mnd the prop. log. of the 
Mom's htxizontal parallax*, the sum willbetheprop.log. of the first 
ccrrection, wluch is to be added to the a pp a rent distance, when aix^ 
£rst u greater than half ths distance, the Moon's altitude, at the same 
time, being greater than that of the Sun- In evet^ other case, this 
-carectioii is to be subtracted innu the appoivnt distance. 

Find the rcfractioo answeriis to the complements of arches second 
•nd third, and their smn, if h^ the apparent distance, is greater thaa 
«ich first, otherwise their difference irilt be the aecwid correction, 
tvhich is always to b<^ added to the apparent distance. 

Enter TaUe lilui. with the distance at the top or bottom, and take' 
tmt the numbers opposite to the Moan's parallax tn altitude, and to 
the first coirection, and their difference will be the third correctioo f 
of distance, wliich is to be added if the distance is less than 90°, and 
subtracted when greater. Hence the true distance between the Mooo 
and the star will be obtained. 

But if the object with which the Moon is compared be the Sun, 
another correction, d^>ending on the paiyllax of that object, is 
necessary. This may be found by an operation similar to that 
nnployed for computing the second correction, by using arch third, 
the Sun's ahitnde, and horizontnl parallax. Or find the parallax 
answering to the complement of the Sun's altitude -, now, in the 
traverse table, the departure, corresponding to the above parallax 
found in a latitude column, arch diird being taken as t course, will be 
the effect of the Sun's parallax in distance, which is to be applied 
with a contrary sign to part first of the sec<Hid correction. 

Example. 

Let the apparent distance between the Moon's center and a star be 
73° 46' 14", the apparent altitude of the aar 5S° 48', that c^ the 
Moon's center 20" 16', and horizontal parallax 59' IST. Required- 
, . the true distance ? 



f The p«r»ll«i Of (he Moonin attiiude nwy be found by the rule given in pag« $4. Or 
h nuj be found with luiDcieni accuracy for cliH |)iirT>o<e, b; eiHering ■ iniverac table, 
wi[h the Moon't altiiude tsken ai x couru ; and ihe dlflerence of laliiude, aniiireilng to 
the horizontal parallax found in a distance column, will be ihe parallax in altiikide. 
Thii tut comrtinti may be found by means at Table xxii. as directed in the lormrf 
cditieni of ibii work, ai followi ; Take from Table axii. the numben aniw«iii(; to the 
inpplenKnl of twice the distance, and Ihe parallaan in altitude and distance ; hjilf ibe 
diacrence cf theie numben being added to, in subirartrd from the cortecied diitanee, 
according ai i I li \tnat gieatm than eo°, will give thctnie distance between the Moon and 
■ alir. Or it may be found, Independent of Ihe table, by the nil* glTcn In the next 
method, uung the paralUx in altitude, fwbicb it to be fouiid ai directed in ptp 81), il» 
place «I tbe coraectioB «f the Moon') •Uttude. 
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Second correctton . 9 10 

Since, in this example, the altitude of the Mtxm is less than that of 
the star, the sum of half the apparent distance and arch £rst, is arch 
second, and their difference is fxch. third. And although half the 
distance is greater than arch first, yet the Moon's altitude being less 
than that of the star, the first correction is, therefore, subtractive : also, 
half the distance being greater than arch first, the sum of the refrac- 
tions answering to the complements of arches second and tbtr-d will 
be the second correction of distance, which is always additive. 
The third correction is additive, because the distance is less than 90°. 

If the Moon had been compared with the Sun, the efiect of the 
parallax of that object in distance should be found, and applied to the 
distance previously corrected. Thus, in the preceding example, the 
Sun's altitude corrected by refraction is SS" 47 ; hence its complement 
is 36*" 1 9^ and the parallax of the Sun in altitude answering thereto 
is 7" i which being &>und in a lathude column, under 9°, the third 
xrch, the corresponding departure 1", is the effect of the Sun's parallax 
in distance ; which is subtractive, because part first of the first correction 
is additive. Hence, in this case, the true distance would be 7S° 4' 38" 

The first correction is liable to a small error, which arises from the 
assumption oF the reh-action being as the co-tangent of the altitude. . 
This error, however, decreases as the altitude increases ; and nearly 
▼anithts, wiien the aJtttude exceeds cine or ten degrees. 

Method vn. 
Of reducing the Apparent to th* True Distance *. 

Rule. 
To the log. co-secant of the af^nrent distance, add the log. secant of 
the Moon's apparent altitude, and the log. sine of the Sun's } tne sum 

wiU 

* Another method of redudog the uptrent to the true dijtuioe, commonly ailed 
muhtrt, but which m* (Wen by Jar. fimn-ian. 'gee hii Astronomy, p^gc 3is,I*od 
deduced from Lord Napier's TbeoRiu, iiinserrt^'in the Rcqutiltc T^let. See ilto a 
'- .VOL. I. T paper 
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will be thelog. of a tutnnl number, which call arehjirsl- An<lthe 
■um of the log. co-tangent of the distance, and log. tanzent of the 
Moon's altitude, will be the log. of a nsKiinl Dumber, which call orvA 
teamd, llie difference between arches first and second will be arch 
third, thedistance being less than gO° ; but if greater, their sum b 
arch third. Subtract uie log. of arch third U(aa the proportional 
log. of the correction of the Moon's altitude, and the remainder wilt 
be the prop. log. of the first correction of distance ; which is additive, ' 
when arch £rst is less than arch second, otherwise, it is subtractive. 

fiipcrupoiithiiiubJcctibrtbcReT.Thoinu Elliot, mhilM^ it CiTcn, in the fim volume 
dF iha Truwciioiw of the Royal Societ; of Edinbursti, in which the aboTC method of 
Wilctwl'i li explained and invutigalEd. 

The fini pan of Ibe eperalioi it the same ■> in the preceding itwthod; but tbc 
remaining pin ii peifotmed u fbllom ; utnciTing, boverer, that aicti hnt, ia called 
•tofc A hy Wltchel. 

When (ha Sun or •Uf'i illiiude ii peater than the Mood'i, tak« the difference 
between A aoJ balf ihe apparent distance i but if the Meon'i altitude be (reateu, take 
tbeiitum : anil in tbe co-tangent of ibis lum or difference, add the co-tangent of Ae 
iHti HT star'] appaient altitude, and the propnttioiul lagaiithm of tbe comctioD cf tbe 
Sun or star*! apparent altitude ; their tun, (cjeciinf lo from the index, will be the 
proponi'wal logaiithm of the fim correction, which muti alwayt be added to the 
apparent diitance. urtleu the arc A be greater than half the apparent diitanec, and Ihe Son 
or itai'i akliude, at tli* same time, grcuer tlian tba Mooo'i, in wbkh oaie it mnit b« 
•ubtractad lioai it- 

Ifibediftreaee beiwees arc A and half Ihe appuent distance wti taken in die 
pieeedlBg (iticle, lake now their mm \ but if their aum wn thai taken, take now iheit 
dtflbNiKe; aad toiheco-tangenlof Ail turn or diflhicooa, add the oo-tan^t of the 
Meon'a apparent altitude, and ibc peoporiioiul logarithm of tbe Moon's aliiiuds, tbeit 
■nin, rejectinK so frnm the indea, will be the proponioMl logarithm of the tecand 
cortoction, which mun always be aabtracteif from th« diitance onna Cor r et a ed, nnlnathe 
ate A be (teatcr than half the apparmt diituiec, and the Mo*n's altitude, at ibe tuae 
tima, grcatar than the San'i, ilk which caaa it inuit be «dded to it, and (be aum oi 
difoence will be the cDmcUil iiitoKct. 

The third cotiection is liMnd by TAle iixii. M lonnerly, Tb* opoadon ia m 
fcUowii 

Moon'i app. alt. >o°]e' 
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•mail, mijr be heglccted. 
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The Mcond eorrectioD of dutance is found in ibt nme manner as 
tlw&st; the Sun aad Mood's aliitudcs being tranipoced, and the 
correctioa of the Sun's altituda being used in place of tlut of the 
Moon. Thig k additive to the apparent distance, when arch first is 
greater than arch second; otherwise, it is subtractive. 

The third correction may be found at directed in the last method^ 
or as follows : 

To the proportional logarithm of tha mm of the correction of the 
Moon's altitude, and first correction of distance, add the prop, log. of 
their diSerence, the log', taogoit of the tUstance, and the constant 
log. 1.5824, and the sum, rejecting radius, will be the prop. log. of 
die third correction ; whidi is additive or subtractiTe, according ai the 
distance is less or pata than 90". 

EZAUPLB. 

Let the apparent distance between the Soq and Moon be 107* 4*' 
IS", tfaeafqarent akitade of the Sun 15* 51', that of the Mom 6^ 
36', and the Moon's borisontal pu^as SV Sff'. Required the true 
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Method Vm. 
Of reducing the jipparent to tka True DistanfX. 

This is performed by means of Plate t. * and a circular piece- of 
paper, whose diameter is equal to that of the interior circle, (fig. 26,) 
m irfaich a line is drawn from its ceittcr to the circumfcrence, called 
the vertical at perpendiadar. Jnthe circle, fig. 26, theakitiKlcsand 
dietance ttf the oliqects are to be found. The scale, No. 1, givei the 
principal effect of the Moon's parallax in distance, and the scales No. lb 

• "Wm pUic ic » miaiitan ikeicb of ■ U^ pIsM drawn with ihe utmoM vxaimaj, hf 
vluch the true diituice inij be (bund iriihin one qi two lecondf. |i n iDtended n> 
pdUiih th)! pUte, with iu' detcripiion, and use in finding the l0D|^nide, and in 
"is piinciplti, in one *i>l. 4co. 
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and S, exhibit tbe second cmrectiim of <che Moon's pafallax. The 
effect of re&action in distance is found hy means of scale No. S, and 
that of the Sun's parallax by scale No. S. By this plate the whole 
operation of Sndihg the longitude of ^ ship may be performed. This 
will be explained afterwards. 

RULK. 

Set the vertical on the moveable circle to the zenith, or 90° ; hy a 
ruler over the given degree of the Moon's altitude, and draw a Une 
which will represent the Moon's parallel of altitude } at the intersection * 
of this tine with the vertical) put the charact^ Jj . 

Then, let the vertical to the apparent distance of the objecu, and 
draw a line firoin the center to the zenith ; draw also the parallel of 
altitude of the Sun or star. At the intersection of these lines put the 
character ^, and at that of the two paralleb, let the character Q be 
marked. 

Now the interval 0, }) being applied to the line representing the 
Moon's horizontal parallax in scale No. 1, will give the principal 
ttkct of the Moon's jiarallax in distance ; and to the scale No. S, on 
the line expressing the Moon's althude, will give the effect of the 
Moon's refraction in di'itance. The first of these corrections is 
additive, when is to the right of }), and the second subtractive. 
The contrary rule is to be applied, when is to the left of J). 

Apply the interval sic to the line representing the altitude of 
die star, scale No. 2, and the correction depending on the star's 
refraction will be known. If the object with which the Moon's is 
compared be the Sun, then tbe above extent being ap[died to the 
scale No- 3, will ^ve the effect of the Sun's parallax. The first of 
these correaions is additive or subtractive, according as is to tfae 
right or left of :fc. The other coirection is to be apphed with a 
contrary sign. 

With the Moon's apparent altitude and horizontal parallax, find 
the ParaQax in altitude *. Now from the scale No. 4, take the interval 
between the parallaxes in althude and distance, on the line representing 
the distance, which being applied to the scale No. 5, will give the 
£nal correction of distance, which is additive when the distance is less 
than ^"t otherwise subtracdve. * 

Example, 

Let the apparent distance between the Sun and Moon be 68* S5' 
40", the apparent altitude of the Mom 30° 44', that of the Sun SS" 
SI', and the Moon's hra-izontal parallax 59° 17'. Re<iiured the troe 
dist^ce ? 

The parallel of altitude and the Sun's vertical being drawn, and 
tbe points of intersecti<tn marked, as directedi tbt measures botn the 
several scales will bp as follow : 

* See DOie, pap lOo. 

Apparent 
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Apparent distance ...--. 68*^52' W" 

Inierval Q J applied to scale No. 1, gives - — 2S 17 
- . - - - - No. 8, • -4-4* 

Interval Q i^ ^lied to scale No. t, gives - -{- 34 

No. S, . . — 9 

Interval from scale No. 4, between 51' and 23', "| 

the parallaxes in ait. and dist. applied to scale ^ -|- 7 

No. 5, gives _----/ 

True distance ... . ■- - - es IS *S 

Method IX. 

Qf reducing the Apparent to Ike True Distance by the Camhridgef 

or, as they are sometimes called. Shepherd's Tables *. 

RWLE. 

Take out the reduction and correcting log. answering to the next 
leu degrees of degree of distance, and of the altitudes of the Moon 
and Sun or star. 

Then find the proportional parts of the reduction and correcting 
Jog. answering to the next less and naxi greater degrees of the star s 
altitude, and t9 the excess, in minutes, of the given, above the next 
less degree of altitude ; which place under the reduction and correcting 
Jog. observing to prefix the signs +, or — ; according as these 
quantities are increasing or dc^creasing. In like manner, find che prop, 
parts of reductive and correcting log. to minutes of excess of complete 
degrees of the Moon's altitude, and also to minutes and seconds above 
the degrees of distance, which being applied according to their 
respective signs, the aggregate will be the reduction and correcting 
Jonrithm answering to the given distance and altitudes, and to 53 
nun. of hor: parallax. 

• Id l779i ■larse work <rai published bjr order of the Conim'niionci* of-IJMigiiuie, 

•ntklad. Tabltsfor cametinf Iht Apparent Dislauct ^IktMuoit <Bid aSlarfram Iht EffWs 
ijflt^artion and Paratlax. Tline V* called by Mme ihe Cambtidgt Tabltt. in 
conicqunice of baling been printed n Cambridge, and bf other* Shtphtra'i TbHh, 
bf in^ completed under the direciien of Profeuor Shc|)ticid of Canbcirlge. These uble* 
Connia at tbe top, all ijiststicei from 10 lu lao dc|>reei incliulvc i each p<if;e coataini 
five principal vetlical division!, and rich of tb»e r^ suMiTi4ed into nthei tire The 
fnt vertical column of nchdivwioncoaiain* ihe Mbon'i alliiiulc, and ihe Kcond that 
ofa irii ID whole degrcrs, writim pcobxbtc limits. The third i:olumn coniiiini the 
joint eflin;u of parallax and rFrraction, ihc horlionial piiallax being )3. The fuutih 
column contains the curceclin; iDprrlhni of the change in the effect of parallax, b^ 
ttacrewing the hoiizoniil parallax, Q being ibe dilTerence betneen is and 03, tbe le>M 
and peateit horiionlal pamlJaxes of the Moon. Thia table nf paialUctic logai ilhmi at 
the Scanning of the worli, is constructed by lubtraeting the log. nf my number of 
niinutci and seconds lot than g', from tbe log. of «' reduced to seconds, that is, from the 
1d(:. of 941. And the fifth columr>, entiilol yariatiaa, cantaioi a small conectlon 
aiuwenng to ■ iiBatnce of 30° from M, the mean height of the mercury in tbe 
Iheimomelei, lad tn a difTctmce of \\ inches between SO inches, and llie observed beight 
of the jnercury in the barometer. When the mercury in tbe thermometer is lower than 
u^and tbai in barometer higher than 30iDCtiM,ltomiati«naiiawariDg to each is to 
be a4dal, otbuwisc lubuaoed. 

From 
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From the given horizontal panllax, subtract jS', and add the 
parallactic log. of the r&haiadii to the c<»Tectitig log. thfr nun wilt 
foe the parallactic log. of a quantity, vhicb oeing added to the 
reduction, and the sum applied to the apparenc distance, according 
to iu sign, will give the true distance. 

ExiUPLl. 

Let the apparent distance between the Moon'; ceuter' and Regnlus 
ba tT" 28' 40", the Moon's aj^wrent altitude So" +6', that of Remilus 
43" 15', and the Moon's horizontal parallax 58' 88", Required the 
true distance 7 

Todiit.«7°o'p'fi1i. It to' □' lit. ' ti'a' the reduction » • e'Si" freer, tog. jot 
Prop. p*tl to tbediff. between the Nos. to 43° and 43°a(*l11. +14 • ^ lo 
Prop, part to difT. bet. thcNo*. to so°uulsl'of Ji'ialr. and 46' 10 • + la 
Prop, pin to difr. bet Not. to47°uid48ofdistancc,ind3i)'4o''-^ 1» - — 11 



Namber to ibepanllactic lopriihm 



Gehxral Remakes. 



Upon tlu dt0irent Methods of reducing ike Apparent to the Tme 
Distance. 

Ofall the venous methods which have been proposed. to rvduce 
the apparent distance between any two oligects to the true distance, 
and in which the strictest accuracy is to be prserved, the first of the 
preceding methods is, perhaps, the shortest ; and the second, the 
most elegant. As the table of natural versed sines is not extended 
farther than 90', the first method is, therefore, recommended when 
the.distance is less than 90° ; and the second, when it exceeds that 
quantity. 

The several example* 10 the different methods are purposely varied, 
that the student may exercise himself in performing them all, by any 
of the methods he ma^ choose ; and the agreement of the final results 
of the same exam[dc> by two or more different methods, will be a 
pleasing proof of the accuracy of his operations. 

To those acquainted vrith trigonometry, it will be an easy matter to 
deduce many other methods for reducing the apparent to the true 
distance, from those we have given for that purpose. But, because it 
would b« an endless task to show all the various transformations that 
may be made on these methods, we shall, therefore, confine ourselves 
to a few of the most obvious changes that may bemade on the fint 

method^ 
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method ; and Itttutrate the same by the lecond example pren to that 
method, 

I. 

In pl^ce of taking the difference of the apparent and of the true 
altitudes, their sum may be used; and, in that case, the natural 
Versed sine of the tapplement of the sum ii to be employed in the 
openoton, which will be as follows : . 

AJjparent dist. TS'Sl'W N.V.S. 69698S 

Sumapp. alL 44 S5 .0 N.V.S. sup. 17IS230 log.diff^ 9.997814 

Corr. J'salt. + 50 39 Difference 1015247 log. - 6.00657S 

0'salt. — 152 NatKumb. lOlOlSO - 6.0M586 

Sumtrueidt. 45 25 47 N.V.S. nip. 1702198 

True distance, 7t 3 50 N.V.S. 692048 

When the sum of the altitudes exceeds 90°, this mil be found to 
be a very ample method. 



Since the rectangle under half the radius, and the difference of the 
versed sines of any two arches, is equal to the rectangle cootaiaed by 
the sines of the sum and difference ca these archei) hence the example 
will be as ft^ows : 

Apparattdi3i.7S°Sl'40*'Half S6°10'50'' CuMt. log. 0.»tflOSO 
Djff. ^p.alt. 5 58 80 Half S 58 SO Log. diC 9.997814 

Corr. })'s alt. — 50 39 Sum 89 19 CO Sine - 9.600SS4 
0's alt. — 1 52 - Diff. 3S 18 SO Sine - 9-738490 

IKff. true alt. 5 4 29 N.VS. 00S9S0 



True distance 73 8 50 N.V.S. 692048 

m. 

tf die sum of the true altitudes be used in place of their dtficrcnce, 
the co-sines of the half cum and half difference are to be employed, 
and the natural number answering to the sum of the four logarithms, 
bong nbtncted froio the Nat. versed sine of the sup{dement of the 
ium of the true ahitode^ will give the natund verted sine of the true 

Apparent 
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App»rentdist. 72»?r40" Hitf - Se** 10' 50" Coo. U^ 0.801050 

Sumapp.alt *i 35 Half - 22 17 30 Log.diff.S^STSlt 

Corr. yt alt. + SO 99 Sum ' - 58 28 20 Co-sine 9.71842S 
©'talt. — I 53 Diff. - IS £3 20 Co-sine 9.9771 IS 

Sum true alt. 45 29 47 N.V.S.sup. 1702198 

1010150 9.004386 

Truedistance 7S 3 50 N.V.S. 692048 

ly. ' ■ ■ 

Find the natural number amwerinp to (he sum of the two logs, as 
directed in the first method ; to the half of which add the square of 
the nat. sine <^ half the diff. of the true altitudes i then, half the 
corresponding log. will be the une of half the true distance. 
Katiiral number, (seepage 151.) - • 688126 

Half di£ true ak.2« $2' 14i*'Mne 8.6+61 18 ' 34+065 
Square - - . - 7.292236 No. 001960 ■ 

Sum 346023 log. 9.539105 

Half true distance ' • 36° 1' 55'^ - sine - 9.97695S 



V. 

If to half the sum of the two logarithms in the first method of 
transformation, page 1 67, the square of the sine of half the sum of 
the true altitudes be added, then half the log. of this sum wiU be the 
Ug. co-sine of half thfe true distance. 
Natural number (seepage 167,) - . 1010155 



Half sum true alt, 22° 41' 53f" sine 9.566449 505077 
Square - - - . .172898 9148901 

Sum - - - - - .653978 log. 9.815563 

Half true distance 96" l' 55" - - co-une - - 9.907781 



Truedistance - 72 3 50 



VJ. 



From the sum of the two logs, m the fiirst method, subtract the 
constant log. 0.301030 ; and from half ihe remainder, subtract th« 
log. co-sine of half the difference of the true altitudes, the remainder 

will 
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'Will be the log. sine of an arch-, the log, co-sine of which, being 
subtracted from the log. co-sine Qf the tliSerence of the true altitudes^ 
will give the log. co-sioe of half the true distance. , 



Sum of two first Eogarithms 
Constant log. 


co-sine 

36 
72 

vn. 


9.8S766S 
0.301030 




Remainder 

Half - - - 

Half dif. tniealt. go 32' 144." 


9.536638 
9.768519 
9.99957* 


- - 9.999574 


Aich- - 35 57 17 


9.768745 
I 55 - c( 
S 50 


co-sine 9.908207 


Half true distance 
TruediMance - 


)-fine 9.907731 



If the tangent of the arch, whose sine was found, be subtracted 
from half the above remamder, the difference will be the log. co-sine 
of half the true distance. 

.Half . - - - 9.768319 - - 9.768319 

Half diff. triie alt. 2° 32' l4i' co-sine 9.999574 



Arch - -3^57 17' sme - 9.76«74S tangent 9.8605S8 
JiaU' true distance .- - 36 1 55 - co-sine 9.907781 
True distance, - . - 72 3 £0 

vm. 

From half the above reminder, subtract the log. sine of half (he 
diff. of the true altitudes, the mnainder Will be the log. tangent of an 
arch i the lo^. slue of which, being subtracted from haltthc remainder, 
will be the sme of half the true distance. 

Half remainder, ... 9.768319 - - 9.768319 
Halfd.tr. alt. 2»3«'14J" -. sine 8.616II8 



Arch - 85 41 2fi tangent I.12S20I sine 9.9 
.Half true distance - - 36 1 55 . -' sine 9.769553 
True distance - - - 72 , 3 50 
IX. 

If the lor. co-sine of the arch, whose tangent was found, be 
subtracted from the log sine of half the dilerence of the true 
ahitndet, the remainder nil! be the log. sine of half the true distance. 

TOL. I. . z . ' Half 
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Halfrcroainder - . . 9.76SS19 

Halfd.tr.alt, 9>S2'14f'' - sine S.6i61l's - 8.646118 



Arch - as 41 2fi tangent l.lSSSOl co-sise 1.876565 
Half true distance - - 36 I ^5 sine ■ 9.769553 
Tn»« distance - - 72 S SO .' 



Find the arcbj of which half the remainder is the sine ; thtn, half 
the sum of the log co-sines of the sum and difference of this arch, and 
half the difference of the true altitudes, will be the co sine of h^the 
true distance. 



Arch - - S5°54'50'' 
Halfdiff. true alt. 2 32 14f 



. 38 S7 44 
- 39 22 iSi 



ane, - 9-768519 



co.«ise - 9.893838 
co-£ine - 9.921724 



Half true distance 3 



19.815562 
- 9.907781 



True distance - 72 3 50 

Various other transformations might be given) such as, by using the 
sum in place of the difference of the apparent and true altitudes, Sec. t 
however, as the above will serve as a specimen of the variations, or 
changes, that may be made on the first method of reducing the 
apparent to the true distance, it, therefore, seems unnecessary to add 
any more. It may be observed, that each of the other methods which 
t we have given for resolving tUs ^tiblem, are also eqnalty capable of 
traoffbrmation ; but that we will not insist opon at present, as nu 
nuterially tending to illustrate the object we have in view.- 

Of atcertttining the Tme Dhlance, m the Spheroidal Hypothesis. 

In the methods hitherto given for correcting the apparent distance 
between the Moon and the^un, or a fixed itar, the figure of the Earth 
' has been supposed spherical -, but it has been formerty inentioned, that • 
the figure of the Earth is that of an oblate spheroid ; and since the 
necessary observations are taken on its surface, it is hence evident, that 
a farther correction is necessary, Upon account of the deviation of the 
Earth's figure from a sphere. This correction may be computed by % 
flttxiooal equation, and applied to the truediitance found asramierly ; 
but the most natural ipethod for effecting this is, that of previously 
reducing the Etudes to tbosA wbicb wotild have bMB t^Mervod* u 

the 
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the figure of the Earth had been sfdierical, and adapting the Moon's 
horizontal parallax to Che latitude of the place of obiervation. 

'Hierefere, in order to obtain the true distance, the apparent altitude 
of each object's center must be corrected by the quantity from Table 
sxvi. answering to the azimuth of the object, and latitude of the 
place of observation. The equatorial horizontal parallax of the Moon, 
as given in the Nautical Almanac, must be diminished by the equation 
frwn Table xxxiii. answering to the httitude. Now, with these 
quantities thus adapted to a splwrical Earth, and the apparent distance, 
the true distance is to be found bj any of the methods given for thfit 
purpose. 

EziMPLE. 

Let the apparent distance between the centers of the Sun and Moon 
be 72° 21' +0": the apparent altitudes of the Sun and Moon 25" W 
and 19" 19' respectively. Azimuths 16J' and 95^° j the latitude of 
the place 57° 9', and the Moon's horizontal parallax per Naut. 
Almanac, -56' 32". Required the true distance ? 

G)*sap.alt.= 25''16'.0 J)'sapp. alt. = 19*'19'.0 J'shor.par = 56'S2'* 
Red.ub.xxTi.-|- 13.1 Red.tab.xxTi. — ) .2Re.tab.xxxii].->-10 



0*sred. alt. S5 29.1 J'sred. alt 19 17.fi J'sred.par. 56 22 
J'red.aft. 19 17.8 

Difference 6 11.9 = e^ll'lS" 

App. dist.-:72° 21' W* N. V.S. = 696983 

Difi*. »pp alt. 6 11 IS N.V.S. = 5827 Log. diff. 9.997624 

Corr.])',alt.-50 50 ^j^ _ .— " " . ,^. ^^^^siS 

Corr. O's alt. — I 51 

Nat; Numb. 687708 - log. 5.8S740Q 

Diff". true alts. 5 18 67 N. V. S. = 4501 

Trae distance 72 S 4l N. V. S. ^ 692003 

The distance computed in the spherical hypothesis is 72" S' 50". 
See p^ 151, which exceeds that found above by 9'. 

When the greatest precision is required, the mean refraction, as 
«Ten in Table v-i. must beredueed to the true refraction, by applying 
the change answering to the state of the barometer and thermometer, 
from Table VI II. Wie true distance between the observed limbs of ' 
the objects shoidd be computed ; for this purpose, the altitudes <^ 
those points of the limbs which were observed in contact, and the 
corrected refractions answering thereto* ought to be employed. To 
z 3 which 
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«^ch distance the appareat semidumeters of the ot^ects hang tpplied, 
will give the true central distance. 

The difference of altitude between the center of the gbject and 
the point of contact, may easily be estimated, or it may be found by 
first computing the angle at its center, contained between the 
distance and vertical diameter ; and the co-sine of this angle will be 
the difference of altitude, the semi-diameter of the object beihg radius. 

The contraction of semi-diuneter is contained in Table xzzil. 
' the arguments of which are, the apparent altitude of the abject, and 
the angle at its center contained between the distance and vertical 
diarAeter. 

ExAurLB. 

Let the af^nrent distance between the centers of the Snn and' 
Moon be 39° 27' 46", the apparent altitude of the Sun SO" Ky, that 
of the Moon 6° 30' ; and horizontal parallax 60' 26" : also, the> 
height of the thermometer 36°, and that of the barometer S0.9 ind^. 
Required the trufc distance 7 ~ 



Meanref. at ])'salt. 
Corr. for thermometer - 
barometer 


rsi' - 

+ 17 

+ 20 ■ 

8 28 - 


At ©'.alt. - 
Corrected ref. 


s' 84* 

■ + 6 

+ 6 

2 46 


Apparent alt. of the Moon 
I^oon'slioiizontal parallax 


6» 30' 0- 
- 60 20 


- pn>P-log- 


0.0028- 
- 0.474O 


Moon'f parallax in altitude 


- 60 S 


- prop Joe- 


- 0.4768. 



Coiretled refraction - 8 28 

Correction of Moon's altitude t SI 35 
App.-distance S9''27'46" Half 19'4S'6S' 



App.-< 

TXS, 9pp. alt. 13 40 
Corr. }s alt. — £1 35 
Corr. 0's alt. — 2 46 



Diff.tniealt. 
True distance 



12 45 3? 

89 6 43 N. V. S. 



Half 6 50 0* const, log. aSOlOdff 

rn log. diff. 9.999397 

Suin 2^ 38 53 - sine - . 9.650510 
Di#. 1 a 53 53 - sme - 9.348727 



Nat. Numb, 
N. V. S. r 



199526 ■ 9.2995fl4 
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• Pkobleu n. 

To Jind the apparent Time at Greenwich^ amwering ta a given 
Distance letweeh the Moon and the SuTt, or <mt of the Stars used 
in the Nautical Almanac, 

Rule. 

If the given distance is found in the Nautical Almanac in tither 
of pages. viiK ix. z. XI. of the monthj opposite to the given da^jor 
to that which immediately precedes or follows it, the time is fio&nd 
at the top of the page. But if this distance is not found exactly in 
the ephemeris, then, subtract the prop. log. of the difference between 
the two contiguous distances, one of which being greater, and the 
other iess than the given distance, from the prop, log of^e difference 
between the given and preceding distances, the remainder will be the 
prop log. of the excess of the time, above that answering to the 
preceding distance* ; hence the apparent time is known. 

EZAUFLC. 

9 December 7, 1804, the true distance between the centers of 
the Sun and Moon was 59° 43' S". Required the apparent time at 
Qreenwich ? 

Given distance =59*43' 8" 

Differ.=0<'28'22'' P. Log. =8024 
Dist. atiiI.hours=£9 14 46 

Differ.= I 25 27 P. Log. = 523e 

Dist. at VI. hours=:60 40 13 

Excess - - - - 59 46 P. Log. 4788 
Preceding time - - ' 5 o 

Apparent time at Greenwich 3 59 46 

* In itrictattt, (hit profoitioiul put nuiht to be comcicd b^ ihc equation oF KCond 
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CHAP. V. 

Of finding the Longitude al Sea or Land by Lunar Olseroationi. 

FrPBLKM I. 

The Latitude of a Place, And its t-ongitude by Account, being gi''*"* 
together with the Dislanct between, and the Attitudes of the Moon 
and the Sun, or one of the Stars in tht Natitical Ali»anac, to 
find the correct Longitude of the Place of Observation. 



Role. 



R.. 



(.EDCCE the estimate time of obrcrvation to the meridian of 
Greenwicb, byProb. in. page 105. To this time take from the 
Nautical Alnianac, page vii. of the month, the Moon's horizontal 
parallax and semi diameter. Increase the semidiameter l>y the 
augmentation fr<xa Table xzxi. answering to the Moon's altitude. 

Find the apparent and true altitudes of each object's center, and the 
apparent central distance, with which let the true distance be found, 
by any of ^he methods given for that puipose ; and find the apparent 
time at Greenwicb answering thereto, by the last problem. 

If the Sue or star be at a proper distance from the meridian, when 
the distance was observed, c(»npute the apparent time at the ship by 
Prob. Ti. Chap. iii. If not, the error of the watch may be fsund 
from observations of the akitudea ttf the Sim or stars, taken either 
before or after that of the distance. Or> the apparent tinae may be 
inferred from the Mocm's altitude, taken at the same time with the 
distance, by Prob. ix. page 1S7. 

The difference between the apparent timei ofxibserratioB at the ship 
and Greenwich will be the longitude of the ship in time, which is east 
or west, according as the time at the ship is later or earlier than the 
Greenwich time. 

Re HARK. 

The only purpoie to which the longitude by account is app&ed, k 
to reduce the time at the ship to the meridian of Greenwich, in older 
to take the Moon's semidiameter and horizontal parallax from the 
Nautical Almanac, agreeable to this time ; and it is evident that, in 
most cases, an error of a few degrees in the intimated longitude will 
not produce any sensible error m these quantities. But in order to 
ascertain the apparent time at the ship from the Sun's altitude, the 
declination of that object ooght to be tak«n fitim the Nautical 

AImanac> 
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Alminac, answering to the apparent time at Greenwich deduced from 
th« distance. 

ExAMPLEf. 
I. 

% Norembcr 8> 1804, ia latitude 34° £3' K, and longitude 24* 
W, byaccount, about Sh. 50' P.M. theobierved distance between the 
tteirest limbs of the Sun and Moon was 67° 48' 29" { the observed 
altitude of the Moon's lower limb 31° 10': and thdt of the Sun's 14" 
46'i height of the eye 12 feet. Required the true lon^tude ? 

Time at sh^- ShSO'P.M. Ob.diat, 0&))'snearestl.670 48'2ft'' 

LoQg.intmiel S6 Sun's semidtameter • <> + 16 19 

I ■ Moon's semidiznwter -+1^1 

Reduced time 5 26 P. M- Au^entation - + 7 . 

Apparent central distance 68 19 SO 
Alt. J'sLlimbSl 10 

Semidiam. -f 15 Alt. Sun's lower liinb - 14 46 

Dip . — 8 • .Semidiamcter - . 4. 16 

Pip - - - - _ S 

Ap.aU.5'»cen. 31 22 

Ap.alt.0'scen. 14 59 Apparentalt. Q'sceater 14 59 

Diff. app. alh 16 2S Moon's horizontal parallax 55' 6" 

App. distance 68* 19' 50" N V. S. 630749 
Diff, app. alt. 16 23 N. v. S. 040604 

log. diff. 9.996556 

CoTT. J's alt. + 43 29 Diff. 590145, log. - 5.770959 

Corr. O's alt. -1- 5 22 Nat.No. 585484 - - - 5.767S15 

Diff. true alt. 17 II 61 N.V.S. 044708 ' 

Tnie distance - 68 17 46 N.V.S. 630192 
Dist.at III. hours 67 9 17 Differ. 1-8' 29" P. Log. *197 
at Ti. hours 68 32 30 Differ. 1 29 13 P. Log. 3351 

Excess - - - 2 28 , 9 P. Log. 0846 

l^^ceding time - - 3 

Apparent time at Gre^Bwich 5 28 8 

Sun'i obs. akitude 14 46.0 Sun's dec. Nor. 8, at noon 16*87'.S3. 
Sesudiuiuter - 4- 16 2 Equation to £ii> 28' - 4- 3.9 

Dip - - - — 3.3 A . 

Correction - — 9.4 Bwhiced -dcdiDation .- 16 41. iS. 



■'f tnie altitnde 14 iSA Sun's 
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Sun's 

Ship' 


true altitude 
polar disUnc* 
a latitude - 

reJice - ■ - 


U 55.5 
10t> 41.1 
84. 5S.0 


Sum 
Half 
Diffe 


156 29.6 
78 1+.8 
63 19.3 



App. time at ship S 50 10 
App. t. at Green 5 28 6 



0.01868 
0.08602 



19.36481 
9.6S240 



Long, in time - I 37 58 = 24° 29i' W. 



9 December 21, I804>, in latitude ii" 24' S. and longitude 149'* 
18' W. bj account, atxntt twenty minutes past eight, A. M. the 
following observations were made ; the height of the eje being 17 
feet. Required the ship's true longitude ? , 



Long, in tune 9 57 



ItnbiOft yi. 


A1 


ytupA 


All.0'*1-ll) 


14' 55' 20* 




17^24' 


39<'40' 


54 SO 


. _ 


17 4 


40 2 


53 10 


- - 


16 39 


40 30 


51 40 


_ . 


16 IS 


41 


40 


- - 


15 44 


41 32 



Reduced time 6 17 P. M. 



14 40 - - 184 164 

Mean - - - 114 .52 56 - - 16 36.8 40 32.8 

Sun's semidiameter - + 16 19 Setnid. — 15.8 -I- 16.3 

Moon's semidiameter - +■ 15 45 Dtp — 4.D — 4.0 

Augmentation - - + 4 

-App.alt.])l6 17.0 40 45.0 



Apparent central distance, 1 1 5' 25 
Moon's horizontal parallax 57 47 



Apparent distance --11 5'-«5' 4'' 
Sum of apparent iltimdei 57 3 



Apparent alt. }) 16 17.0 



Sum 2pp ak.' • 57 2 
Corr. ])'salt. -|- 52 14 
Corr. ©'salt. — ' 1 

Sum trufc altitudes, 57 53 1* 
Half sum . - 28 56 37 



;,C(iogIe 



Sum 

Half - 
Differenrt 



172 27 4 Log. difference 
86 13 32 . co-siile - 



Half sum true alt. - t 28 56 S7 
Arch - _ - 76 9 37 



Sum 
Difference 



105 6 H 
47 18 



- sine 

- sine 



• 9.998123 

- 8.8I8*16 

- 9.941008 

18.757547 
9.878775 

• 9.9847S2 
■ 9.86565S 

19.850385 
9.925192 



Half true disunce - S7 19 38 . line 

Tnie distance - - 114 39 16 

Distance tt vi. hours li4 48 6 Diff. 0* 8' 50* P. L. 1 3091 

Distance at ir. hours 113 15 42 Diff. 1 82 24 P. L. 0.2896 



Proportional part 
Preceding time 



17 12 P.L. 1.019B 



Apparent time at Greenwich - 6 l7 |2 
Am. alt. p's center - 40 45 ©'sdec.atn. p.N. A.23»27'.8S. 
Correction - . - ^ j Equation . o.O 

TVoe ak. 0'a center 
Sun's polar distance 
Ship's btitude 

Sum - . . 
Half - 
Difference 



40 44 Reduced declination 23 27.83. 
66 32.2 - co-secant - 0.08748 
42 24 -. secant - - 0.13168 



149 40.2 
74 50.1 . 
St 6.1 . 



9.41764 
'9.74870 



-27 43.8 - sine 



19.33550 
■ 9.66775 



3 41 50 

8 18 10 A.M. 



Half horary angle 
Multiply by 

Time from noon " 

Apparent time ' - _ „ .„ .„ .«, «i. 

App. tipie at Gwenw. 6 17 12 P.M. 

Longitude in time - 9 59 2 = 149*45i'W. '" 

m. 

l™!™*^!".,***; ,1®*^' '"J^»=*"<i« 15° 15-ii and longitude ea" E. 
^account i the follomng obserrations were made, thelpiritt of th» 
eye being 14 feet. Required the ship's true longiiude ? 



;.Coog[e 



Time pn witch . 
6hO'4''P.M. 

2 13 

* iO 

7 25 
filO 5 



Moon's setnidiam. 
Augmentation 



t i7« : 

Diw. S'aremotel. fr. Font. All. (^up.1. Atl. FomilbaDk 

- - 60° 39' 45" - - 46° 67' - 80° 94' 
>. . 38 40 - - 46 4i - 20 56 

- ■ 37 40 - - 46 31 - 21 23 

- - S6 SO - - 46 16 - 21 50" 

- - 60 SS 20 - - 46 1 - 22 18 



I75 - - 150 120 

) S7 35 ■- . 46 30 - 21 S4 

seimd.&dip. — 18.6dip. — S.6 

, H 55 

9app.slt. 46 ll.iap.aL 21 20.4 



App. central dist. 6o 22 SS RV.S. 505692 Hot. par. a*' Sff" 
Diff. app. altinidei 24 51 ON.V.S. 092589 log. diff. 0.995204 

CprrectJon J'lalt. + 36 55 Diff. 4IS105 log. - 5.616058 

Refraction 3|c's alt. + 8 25 N. No. 408566 • - 5.6n26s 

Diff. true altitudes S5 30 20 N.V.S. 097456 

Tniedittance - 60 S3 51N.V.S.5060S3 

Dist. at noon - - 61 .7 44 diff. oPiA'SS' - P. L. - 61S0 

Dist. at ui. Iwurs - 59 48 5 diff. 1 19 $9 - F. L. . 8541 

Apparent time at Greenwich 1 Sg 10 - P. L. • 3589 

App. dt. Fomalhaut «1''20'.4 
Refraction • - — 2.4 



True altitude - - 21 18 
Polar distance - - 120 S9 - 
Latitude - -, IS 15 - 



157 12 
78 86 - 
57 IS - 



Half 
Difference 



Half hour ang^ dcg. S$ $&S 
Moltiirfrby - 8 

Mer.di«t.Foinalli. S 32 45 
Right a*c. Fomalh. 22 46 50 

Right aKfO. DMr. 19 14 5 



0.«65Si 

0.01557 



9.29591 

9.92506 



19.30189 
9.65094 
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Right aicen. mer. .IS'lV fl" 
Son's rigid aKen. 13 S 48 



Ap. tim« at ship 6 11 17 

— at Gre«n. 1 39 10 



Long.intime 4 32 7=68* I'E. 

As a smaU eirw in the altitude of an object near the meridian, may 
produce a coniiderable error in the apparent time; and, because the 
altitudeof a star cannot always be so accurately oSserved as is necessary - 
for establishing the apparent time ; nor c;in the time, inferred from 
the Moon's altitude, be depended on, unless its declination and right . 
ascension are reduced to the time of observation, by applying the 
Equation of second di£erence — it, therefore, seems most eligible to 
use the Sun for this purpose- Hence, if this object is too near the 
meridian at the time of obsiervation of the distance, it becomes necessary 
to observe its altitude, when in a more proper situation, either 
previous, or subsequent thereto. Hence, the error of the watch will 
be known, which being applied to the time of observation of the 
distance, will pve the apparent time of observation, aTi'eeable to the 
meridian for which this error was determined. Or, if the change of 
longitude in time, between the meridians of the places where the 
observations were made for ascertaining the-time and longitude, be 
applied to the above fomid apparent time, by addition or subtraction, 
according as the ship's course made good, has been in the eastern or 
western quarter, the apparent time will hence be known, for the 
meridian of the place where the observations were made for' 
- defennining the longitude. If the watch gains or loses, considerably^ 
allowance must be mide for its rate in the above interval. 



m. 

9 September 14, 1804, in latitude l7° iO- S. and longitude 
•5°E. by account, intending to find the ship's true longitode by an 
observation of the distance between the Moon and a fixed star : and 
in order to ascertain the apparent time at the ship, and consequently 
the error of the watch, several altitudes of the Sun's lower limb were 
observed, together with the corresponding times per watch The mean 
of the altitudes was 26° 15', and that m the times per watch 4h. 2' 
IS": and height of the eye ] 8 feet. Again, having observed several 
distances between the Moon's enlightened limb and Aptares, with 
the corresponding altitudes of each, the mean of the times per watch 
was lOh. 1' 24" P. M. i that of the distances 42* 5' 50" ; themeanof 
dte altittides of the Moon's lover limb was 6 1 ■> 40 .7, and that of the 
altitudes of Antares 19° £4'.l . Required the true longitude of the 
ship?' 

3 A 2 Tim« 
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Time pw wateh 4h 2'P.M. Ob*. «lt. Ci's lower limb SS'IS' 

Longitude in tiin% 5 40 E. SemidiAmetec - — -4- 16 

Dipand refrac, - - — 6 

Tnie alt. Sun's center 26 23 



Reduced time 10 22 A. M. 

Sun't decl. at noon S' 24'.* 
£q.tolb.38'fr.nooa-|- 1.6 

Reduced declinat. 3 26 N. - Kcant - 0.00078 

Latitude - - 17 40 S. . - secant - aOS09a 

Sum - - - 21 6 Nat.Ter. sine 06705 
Sun's true altitude 26 23 Nat.co-Ter. i. 55563 

Diff. - 48858 .- - 4.6889* 

Apparent time 4b.3'36" - - - rising - - - 4i7107O 

Tune per watch 4 2 15 

Watch riow. - ] 21 

7'unep.w.ob.dts. 10 I 34 



Ap. timeofob.di5. lO 2 45 
IiOngitude in time 5 40 

Ap. time at Green. 4 22 45 Moon's horizontal parallax 55' 53" 

Obi.dist.}) &*4S° 5'50"Alt.Ant.l9°54'.l Alt.) 'sl.limb6l°40'.1 
Mooo'ssemiX-f- 15 13 Dip -:- 4.ISemidiam. + 15.4 

Augmentation + 13 r-. — Dip - — 4.1 

Ap.aLAnt.lS 50 ■ 

Apparentdist. 42 21 16N.V.S.261009 App. alt. J 61 52. 

Difapp. alu.. 42 2 N.V^. 2572*5 Log. diff". - Q 993957 

Corr. J'sait. + 25 50 Diff. 9764 log. t t t 3.575550 

jk'salt. + 2 37 

^ 37 12 8.569607 

Diff. true alts. -42 30 27 N.V.S.26S811 

True distance - 42 ^9 17 N.V.S.266S23 

Diff. 0° 44' 40" - Prq>.Log. -I 605S 
Dist.atiii.lioun42 4 37 

Diff. loss's? - Prop. Log. - 2824 
Dist. atTi. honr8 4S 38 84 

Proportional part - - 1 25. 55 '. Prop. Log. - 922j>, 
Preceding time - - 3 



Apparent time at Greenwich 4 25 35 
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Apparent time at Greenw. 
Apparent time at ship -• 



4 25 35 
S 45 



Longitude in time - - 5 37 lo=61°I7f' E.tJieloDgitiide 
of tlie ship at the time when the obaervuiam were taken to find the 
error of the watch. 

Since, in this example) the Moon and star are nearly in the >ajDg 
Tertical, the true distance will, therefore, be nearly equal to the sum 
of the apparent distance, and the corrections of the altitudes of the 
Moon and star, the Moon being the most elevated object. If the 
Moon's altitude had been less tluin that of the star, the sum of the 
corrections, subtracted from the apparent distance, will give the true 
distance nearly. See page 152. 

V. 
July 12, 1804, in latitude 71° ICN. and lonptude 4*° E. by 
accoont ; the following observations were made in order to determine 
the ship's trtie longitude ; the height of the eye being 30 feet. 



Timet per witch. D»t 


neat«tli;Tib«Gft J Alt.J'il.l 


1. A-.t. 0.l.llrab. 


Oh. 24' 10" 


64" 8' 80" 8" 9' 


- 41" 58' 


26 46 - 


9 40 - 18 


56 


29 4 


10 S5 - 25 


54 


31 SS . 


11 40 - 34 


51 


84 7 - 


12 45 ■ 44 


48 








45 40 


190 130 


17 


Mean - 39 8 


64 10 38 8 26 


41 5S.4 


Lon. int. 2 56 OQ'sBeni 


1.+ 15 47sem.+ 15.2 


+ 16.8 


Moon's 


-^ 15 14dip -^ 5.2 


— 5.3 


Red time 9 35 8 Augm. 




■ 


ap.alt. 8 36 - 


- 46 4 


Apparent central dist. - 


64 41 41 ap. alt. moon - 


- 6 36 


Moon's horizontal parallax 


55' 53" Difference 


- - 33 28 


Apparent central dist. - 
Diff. app. altitudes 


e* 41 41 N.V.S. 572558 




33 28 ON.V.S. 165793 








l.d. 9.999122 


Corr. J 'a altitude - 


— 49 )2 Diff. - 406765 


log. 5.609343 


Corr. 0's.altitude - 


— 57 N. No. 40594S 


5.608465 


Diff. true altitudes - 


32 37 S1N.V.S. 157838 





True distance - • ( 

Distance at xxi. hours - i 

Distance at notm - - - i 

Proportional part •• 



t 8 14 N.V.S. 563781 
i 56 "20 diff. 0° m'S4" 
; 28 9 diff. 1 26 49 

- 24 41 



P. L. 1.1797 
P. L. .3167 . 

P. L. .8630 
Proportional 
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Phipcntional part - - ' - 24 41 P. L. .86M 
Preceding time - - - 21 

Apparent time at Greenwich - SI 84 41 
Since the apparent time at the ship cannot be inferred with sufficient 
accuracy from the Sun's altitude, taken at the same time with the 
distance, because of the proximity of that object to the meridian ; the 
fbtlbwing altitudes of the Sun were, therefore, observed in the 
afternoon, the ship's latitude reduced to that time being 70° 57' N. 
and height of the eye as before. 
Times per watch - 2h. f5'42" Alt.0'sl.l.S5* 1' 

57 16 - - - S4 53 

58 54 - - - 34 48 
S 34 - - - 34 41 
S 2 19 - . ■ 34 33 



2 94 45 SSS 

Mean, . . 2 58 57 34 47.6 

Timep.w.ofob.of dist.O 29 8 Semid. -|- 15.8 

Dip - — 5.2 

Interval - - 2 29 49 Correc. — 1.2 

App. time at Green.?,, -, ,, 

ofob.dist. 5^' ^* *'^ True alt. 34 57 

J'Blarditt. 68 co^ec. 0.0828S 

App,t.atGr.ofob.aU.23 54 80 Latitude 70 57 secant 0.48626 

Sum - 173 54 

Half - 86 57 c»-sine 8.72597 

Difference 52 une 9.69653 



Sum - . - 19.14159 
Half horary angle in degrees - - 21 51-} *>»« 9^57079 

Multiply by . _ . _ . g 

Apparent time of observation of altitude 2 54 49 
at Greenwich - - 23 54 30 



Longitude in time ... 3 O 19 = 45°4J'E.of 

that meridian, where the Sun's altitude was observed, for the purpose 
of finding the apparent time at the ship. 

In place of finding the interval of time, between the'observationc 
of the distance and Sun's altitude, &c. as above, this part of the 
operatiou may be performed ai follows ; 

Time per watch of ob. Sun's altitude - 2h 56' 57" P. M, 
Apparent time of observatton - 2 54 49 
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Watchfast - - . - Oh. 4' 

Timeper watcliofobserr, of dist. - 99 



Apparent time at ship . - S5 ' 

Apparent time at Greenwich - 21 34 41 

Longitude in time - - - S 19 = iS" 4}' £. 

When the apparent time cannot be ascertained from the Sun'» 
altitude, obseryed at the same time with the distance, in consequence 
of the proximity of that object to the meridiaB, especially in high 
latitudes } and, if it has beea impossible to obtain altitudes of the 
Sun for that purpose, either in the morning, or in the afternoon of 
that day i it then becomes necessary to deduce the apparent time 
from the Moon's altitude, taken at the same time with the distance. 
If the Sun's altitude be carefully observed, the apparent time may be 
deduced from two sets of observations of that object^ although taken 
near the meridian. 

VI. 

J February 3, 1800, in latitude 57° 7' N. andlongitude 2°6^W, 
by account, the following observations were taken in order to 
ascertain the true longitude } the height of the eye being IS feetj 
and index error of the sextant 2' additive. 

"nmesp. watch. Dist. nearest limbs 0&]). Alt. ])'s 1.1. ■ Alt. Q'sl.l. 
llh.4t'*0''- - 107=21' 0" - S°8' - le-S' 
46 50 - - 22 10 -- 8 26 - - 4 

48 55 - - 22 45 - 8 38 - -5 

50 26 - - 23 40 - 8 48 - -6 

52 10 . - - - 2* SO - 9 5 - - 7 



171 94S 185 25 

■S 34 107 23 49 8 37 16 5 

Indexerror 4- 3 OSenud.-}- 15Sem. -{- 16 



Sun's semid. 
Moon's sem. • 
Augmenta. • 



16 16 Dip. — 4 Dip. 

U Bl ■ 

2 Ap.alt})8 48Ap.a.©I617 

Ap.a.1) 8*8 

Apparent central distance 107° 55' SS^cor. J 47' 55''.<.09'5*'+*4 50 
Apparent altitude Moon 8' 48 ■ 

Apparent altitude Sun - 16 17 Sum true altitudes 25°49'50 

Halfsum - - IS 54 55 . 

Sum ... 153 58Log.dif.t.xLn.XLni.9.99918S 
Half -. . - .66 30 29 - co-sine ' - 9.600559 
Difference - - 41 25 29 . cosine . 9-874960 

19.47*651 
Arcb - - - 56 53 ** - co-sine - 9-737525' 

Half 
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Half stun mie altitudes 


. 13 5* 55 
56 53 5* 


sine 
sine 

rine 

ff. 1*18 
ff. 1 81 

3 41 

21 




Difference 


69 48 39 
♦S 58 49 

53 50 1 

107 40 2 

106 26 57 D 

107 48 9.D 


- - 9.»72461 

- - 9.841616 


Half true distince 

True disuhce - | 
Distance at xxi. hours' 
Distance u noon 

Preceding time 


19.814077 
- - 9.9070584 

5* P.L. 3915 
12 P.L. 3*57 

59, P.L. 0458 



Apparent time at Greenwich • 23 41 59 

J'sapp alt 8°48' j'sdec.at.nooa23''I4' Right ascen. S9°42' 
Correcdon + 4S Eq.tolS'&omn. — s Equation - 9|. 

])*a true alt. 9 36 Reduced deciin, 23 11 N. Red. R. A. 59 S2j 

In time - - - ' 3 58 iO 

Declination of Moon SS^H'R - secant - 0.03657 
Latitude - - 57 7 N. - secant - 0.S65S6 



Difference 
Moon's altitude 



Moon's mer.dist. 
Moon's right asc. ■ 

Right asc.mer. 
Sun's right asc. 

Apparent time - 
App. t. at Green. 

Long, in time 



33 56 N..ver 
9 36 N.CO-V 



1. 17031 
:. 83323 



7h.t6'40" 
3 58 10 



30 41 30 
21 7 55 



S3 ^S 55 
' 23 41 50 



66292 I0g. 4.8S146 
rising - 5.12SS9 



8 S4 = 2' 6' W. 

vn. . 



In lat. 88° 24' N. and longitude by account 46° W. upon the 28tli 
^September 1812, at 8h. lO' A. M. per watch, let the aimarent 
distance between the centen of the Su& and M«m. be 79° 38' Wi. 

th* 
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the dtintd« of tht Sun 9S* lo', and Uiat of the Moon 6S° 40'. 
Required the tnie latitude? 

Time per watch - ShIO'A.M. Horizontalponllaxoftbel^oon 
V>iigiMdf intiiqe S 4 W. • 57' 10" 

-■ — -• ' ■ And semidiameter - 15 SS 

BedncAltime -11 14 A.M. 
App. distance - 79 S8 2DN.V. S. 8S0148 
Diff^ tit; - 99 30 0N.V.3. «283T5 

Log. diff. 9 99S757 

Coir. Mooa'i alt. 4- 95 46 Siff. 59177S Log. . 5.778155 

Conr. Sua*) ah. -f- 9 5 

.— Kat-N". 583397 - - 5.765913 

Piff.tnieah. • 89 57 51 K. V. S. 33S554 

True £staoc« - 79 $7 13 N. V. 8. 8IG98I 

Diff. . 1 6 16 Pk^. log. - 4S40 
IXK.atzxihounSO SS SI 

'Diff. - 1 90 45 Prop. log. - 2974 

Alport -'Tp 9 46 . 

- Sl 11' 85* Prop. log. - 1366 
Ffecediog time. - - - SI 



Apparent time at Greenwich S3 1 1 S5 
tatimde - 38°«4'N. - «ecant 
Sedinatioa - 8 3 S. - - secant 


a 10385 
- 0.00038 


Sttin - - 40 87 Nat. w. line «S90S 
TVuealtvO - 93 8 NM.GO^er.nne 607IS 




DlffeKDce - S6810 


. log. 4.56597 


lime from soon * Sli,5]'59' - rising 


- - 4.67910 



App. tine at ship > 80 8 1 
App. time ^ Greemr. S3 II 85 

lonptitdeinUme » 9 9 S« = 45> 51'^. 

PkoslbhII, 

Reduce the ai^nrebt to the trne distance] I9 the rule ^ven for 
^lat'pinpoie in page I69. 

' Draw a line over the Moon's rdadve modon in thr«« hotm. found 
In the side scales. No. 7. Take the' difference betwe«t the true and 

TOL. I. f B preceding 
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preceding distances from the scale No 9, and lay it off on.the abora 
line from the right hand ; then a line drawn from the upper right hand 
corner through this point, and produced, will gire the proportional 
part on the scdeofhoursNo. 8 ; which being added to the preceding 
time) the eara. vitl be the apparent, time K Greehwich. 

Put the vertical to 90°, and draw the parallel of dec^ation, and 
put m at the intersection o£ thew two lines ; tbeti put the vertical to 
the latitude of the place found in the quadrant to the right, and draw 
the parallel of altitude of the object, and at its intersection with the 
parallel of declination, put the character sje- Now the interval 
be'.ween m yip being measured on the parallel of decUnat^ou, scale 
No- 10, will give the time from noon or mithiight, according as ^ 
is to the left or right of ni. Hence» the apparent time at the place 
of observation will be known i the difference between which, and 
the time at Greenwich, iriU be t^ repaired lon^tud^ iji t^^. 

In latitude Sg^Js'S. lon& by accoow ll*"W.Jafy8, i'liS, 
about three quarters past X i, P. M. the distance between the Moon's 
remote limb and Fomlthaut was 60° 43^', the altitiide olthe Moan's 
upper limb 66* S8', that of the star 4S° ?', and height of the eye 30 
feet- Required the true longittide I 

Fdlim-tinie llh,«J' Di«I. D *• 09*49' 13" A1^ } u. t. e«>pl' Alt-IM"?'^ 
Long, in time 7 *<t Moon'i sera. — l» ao Muon'iKm. — l*.8 Dip - — 4,3 

Red. lime - lo a» AptkdUt. flg a; a> _ ,. -.Af.«li.«S a.; 

A^p.ll(. • 06 ll.4«c(h, — IJ> 

Tnieiti.ia i.j 

The vertical, in the moveable circle, being directed to the zenith 
4nd distance, and the parallels of altitude di-awii,the semal carrectkni 
from the scales will be as follow : ■ '^ 

Apparent distance - - ' - '- 69" 27' 55* 

Interval between ]) No. 1. - - — 21 24 

- No. 2. .- - + 14 

Interval between © sfc No. 2. - - + I - 

Int. bet. par. in alt. and (list, scales No. 4. and 5. 



True distance - . . . , 69 .7 55 

NoW( draw a line over l^SS'SS", the interval between the 
preceding and the following distances, in the side scales No. 7 j take 
K.8' 2S"i the difference between the true disi 
Immediately precedes it, from the' scale No, 9 
the right upon this line ; and a line drawn "fro 
the right, through th|? point, will intersect tl 
|k)int representing the point ih. ^3' 37", whic 

tl*e 
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tlie time antvering to the Vreceding distance^ gives 1 Qh. 2^ ST", the 
apiarent time at Greenvidi. 

Direct the vertical to the zenith, and draw the parallel of the star's* 
declination) then direct the vertical to the latitude, and dr^w the 
parallel of the star's altitude; now, the interval between m ^ beJn^ 
applied to the parallel of declination*, on the scale No.' 10, will eive 
3h. 49' 4Cr, the meridian distance of the stiT, which subtracted nam 
iu right ascension, S2h. 45' 49*, the remainder 1 8h. 56' 9", is the 
right ascension of die meridian*, from whtchthe Sun's right ascension 
7h. 14' IS* being subtracted, the remainder ilh. 41 54", is thfc 
apparem time at the ship j the difference between which, and Idh. 
22 ST'.thetimeat Greenwich, is 7h. 40' <43",th4 longitude intime, - 
which, reduced to degrees, is US* lOj' "W- 

The scale No. 6. is intended to find the change of altitude answetin? 
to a given interval of time, independ«it of the rule in page 81, and 
is, there&re, very convenient for reducing the altitudes to the time 
of observation of the distance, when these observations are made bj 
the same person. The change of altitude is found thus : 

Take the nearest distance between the point of intersection of the 
latitude and azimuth, and the nearest horizontal line at the top of the 
scale, and apply it to fhe scale No. 9, as often as there are mii 
the given interval^ and the change of altitude will be known. 



. , Ca AP-VL 

- ■ ' W.^'"^''^ ■'** Ziongitude at Sea or Lanii 

- . The oeccaraty I)sta being. 

The observed JUstance htUiem iheMoen and the. Sun, _ar a facei 
Star, tkejipparmtTim,tkaLa1iltide»f the Place t^OhtervatUm, 
imd Us Longitude Irtf Accomt. 



1 Re distance between the Moon and a star, alMl the altitude of 
tiie Moon, ' may be very accurately observed at t^ie same tirne^ that the 
horizon under the star is so indistinct, as to render it imposuble to 



t llnl* wHh«M Ike 
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observe iu altitude to any tolerable degree of accuracy. Tn thli cue, 
therefore, rather than lose an opptKiunity of determining the ship's 
longitude, when the distance md altitude of the Moon. only c^n be 
observed, it vritl be proper to compute the true and apparent altitude* 
of the star. The remaining part of the operation is to be perfonned 
as usual. At the time of observation of the distance between the 
Sun and Moon, the horizon under one Of both of these objects mvy 
be obscured hj fog, which is often the case at the entrance of th« 
Channel, and high latitudes ; or the ship ouy be dose to the land* 
to that it may not be safe to make any ulowa^ce £>r dip. It henc« 
becomes necetsaiy to ccunpute the true anid ^ftareot altitudes of the 
objects. 

This method wiU also be found particularly useful at land, especially 
when the observer is not provided with a pr^>er artificial horizon. 

Problem T. 

Glum tht Apparent Time tt a known Place^ to Jind lie Ti^e and 
jlpparent Altitudes of a known CeUstial Olj«ct. 

Role. 

Y)iiA ttic meridiaD distance of the prta ol^ect, which, in case of 
the ^un, ii the intn^al between coon and the given apparent tine. 
But if the objecr is the Moon or a star, add the Sun's right ascension 
to the apparent time ; the sum wffi be the right ascension of the 
meridian, the difference between which, aad the right tKcntioo of 
the object, will be its meridian distance. 

To the \oe. rising *, answering to the meridian distsom of the 
object, add the log. co- sines of the object's declination, and of the 
latitude of the place of observation. Find the natural number 
answering to tbe above sum, which bnng added to'the natural Versed 
tine of the difference, orsum of the latttinle and decliBHticm, according 
.as^bey are of the same, or of a contrary name, will give the naturu 
co-vened sine of the true altitude of the object's center. 

If the object is the Sun, the quantity &om Table x. answering to 
the true altitude, bein^ added thereto, will give the ipparent attitude* 
In the case of the Moon, take the reduction From Table xi. answering 
to its horizontal parallax and true altitude, which, subtracted therefrom, 
eives the apparent altitude. The ajqiarent ahitude of a star is found, 
by adding the quantity from I'able xii. answering to iu true altitude. 

■ ItihcmcTidiuidiituceafthcoUccincccd tbcUmitt^TiMciLix. Oielos-ifaUi 
nkt, IhcTiforc, be found In all cun, u t'ollewt : 

RmliK* tbeiimidkn dtrnnw iQ d^Tcc*, and thetoftrittiinDfiheMtiinl vmcdrioe 
■ntwerlnR Ihemo, will be the lo; rinng. Or twice ihi lof. itoc of half ib* maridiln 
dwHMi oi tbc object in d*|i««, iDErMMd by tha cowhu lie, aJM«3, will b* iha 
lci(Bif[fatn rliidp I 
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Reqaired the true and a^arent altitudes of the Sun's center I Sth 
April, lBll,at ih. 26' 20"?. M. in latitude 49°,20'N.-'and longitude 



Apparent timt = 4l».2iS^2l 
hoa. in time ^4 i 



Svaft declioatbn'ii aoon 10" S5.S 
Equation, Table xiii. — 7.5 



Keihcedtiine = » 26 90 Reduced declination - 


10 tS.8 


Apparent tErne - 4 86 SO . - rising - 
Declination - 10 U.SN. - ■ co.sine 
latitude - - 46 SO.ON. - - co-iine 


4.7800S 
9.99334 
9.88914 


Difference -SS sr.SNV.S. = 1869S 
N.No. 40879 


4.611S0 


True altitude • SS 50 48 N. co-Ter. line SOfiTl 
Red. Table I. = +21 




AfpaKutaltit. S3 52 49 





Required, the true and aM>arent altitudes of Regulus. March 29, 

1812, M llh.35' n- P. M. appi 

longitude S6° 40' W.; 



1812, at Ilh. 35' 1 1" P. M. apparent time in latitude S2' li'S. and 



Apparmttime - llh-SS'il' 
Sun's right ascsniion SI 48 



Apparent time Ilh. S3' 11* 
Lo^. in time l 46 40 



Reduced time IS 21 51 



Right asc. of meridian 12 6 S9 
Rjghtasc. of Regulus 9 6821 

Wer. dist. ofRegulus 2 8 38 - - rising - - 4.18588 
Declination of Regulus 12 62 50 N. - co-sine - - 9.9S899 
Latitude - - 32 14 .0 S. - co sine - - 9.92731 



Sum - • 45 6 50 N.y.S. = 29480 

N.No. - 1S651 

frue altitude - 85 SS 40 N.co-T.S.= 42081 
Equation, Table zri. = 4- I sO 

Apparent Altitude - S5 25 



D.gmzecbvGoOgIC 



C 190 ] 

Reqatiwl tlu tro* and apparent altitudes of the Moon , December 
1% 1804, tt H3b.iQ^2Tr.H. in latitude 21° 28 S. and lon^tude 
57" WE.? 

Apparent timt - loli-iO'S?* Apnarent time IOh.40'27'' 
Sun's n^ aK«niaa 17 23 39 Long, ia time 8 51 12 

Right asc. meridian 4 4 6 Reduced tine - 6 49 Ifi 

Moon's right ascension 2 14 56 , 

Moon's merid. dist. 1 49 10 - * rising -^ - 4.04656 
Moon's declination 1 8 56 N. - - co-sine - - 9.97584 
Latitude -■ 21 28 S. -■- co-sine .- - 9.9687* 



Sum - - 40 24 N, V S. = 23846 

N.No. = 9799 - S.9»lia 

True altitude - 41 34 16 N. co-t. S. = 33645 
Equation, Tablexi. — 44 46 

Apparent altitude - 40 49 SO 

In this example the Moon's right ascensioii and declinaiSoo 91'c 
corrected by the equation of second difEereoce. See the explanation 
of Table xxxTii. 



Giren the Apparent Distance between the Moon end the Sun, or i 
Jiied Star, the Apparent Time, the Latitude and Lan^twte hjf 
account, to find the true Longitude. 

Rule. 

Compute the true* and apparent altitudes of each object's center hj 
last problem ; with which, and the apparent distance, &id the true 
distance, and hence the apparent time at Greenwich as usual. Thee 
will the difference between the apparent times of observation at the 
ship and at Greenwich, be the londtude in time ; which is west or 
east, according.as the time at the ^ac« of observatitHi is earlier or 
later than at Greenwich. ' - ' 
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Q January IS. 1S04, islitltude 16'S0'N.andloneitude IIO^W. 
byaccount) at lh.46' 18"?. M.apparBnt time, the distance between 
the nearest limbs of the Sun and Moon tras 76° S6' SO" ; the altitude 
of the Moon's upper Umb 44° 6' ; bat the sdtittide of the Sua could 
not be observed, m consequence <^ that pan of the horizon undar 
the Son beii^ ob*cm«d by tog; the height of the eye was 14 feet. 
Required the true ki^ittide i 

Apparent time - - lh,4S' Sun's decl. at noon - 20" 43^1S. 
Loa^tude in time - 7 20 EquatioA Table xiii. — 4J- 



Reducedtime . '- 9 6 Reduced declination SO 39 S. 

Apparent time - Ih 46' IS" - - lismg . - 4.02387 

Declination Son - 30 S9 S. - - co-sine- - 9.9711^': 

Latitude ihqt - - 16 30 N. - - co-sine - - &.{)82l l 



30101 

8487 



1:VQe Bititud* * 44 46 SO n.co-v.s. 99fi8S 

Rie^-T^lez. . -rt- £8 



Jifp. sitkadt - - 44 46 «« pb. alt. Moon's up. 1. 44° 17' 

gemidiapieter ~ 16.4 

Dip - . _ 3.6 



Obserred distance - 76 S6 £0 App. ait. Moon - 43 57 

Son's semidiafoeter + 16 18 App. alt. Sun - 44 46 23 

Moon's semidiamctnr -f 16 1 < 

ApgmentarioD •, + 12 Difference - 49 22 

Apparent distansc - 7« £9 80,N.^.S. 774907 
Differeoceappar. ah P 49 S2 N. V. 8. OOOIOS 

L. dif. 9.994963 

Cpr->'salt. I -rr- 41 43 774804 Log. S.889192 

Corr. O's alt. - -- S« 

~ t~~r 1^5870 - 5.884155 

Diff. true altitudes - — 6 47 N. V. S. 000002 

True distance - - , 76 27 35 N. V. 5- 765872 

Diff. - l''37'57"P.liM.««« 

DistanceatTi.houiv 74 ^ S6 

Diff. - 1 S8 9 P.Leg.t6S4 

Distance « ix. hours 76 $7 4i7 

Froporti<HUl part - • • 2 59 38 - - P.Log.0009 

Proportional 



rvGoogIc 



S 59 
6 


>S 




t 59 
1 46 


38 
18 




7 IS 20 = 


10a°20"W. 



nnportional part - - 
Preceding time 

Apparent time at Greenwich 
Apparent time at ship - - 

Longitude in time 

n. 

^ March S4, 1801'. id latitude 40" S6'N. and longitodti t«3^ S. 
bj account, at 9h- i i' 1 8 " appvent time, the distance betweeti the 
Moo-i's vreat limb and Spica Virgiais (va»3'j' + l'2J", the altitude o£ 
the Miwn's upper limb +7° 33'; biit, by reason of an indistinct horizon* 
the altitude of the star could not be observei: the height of the e/t 
vai 16 feet. Required the true longitude of the shipr 

AjfKtroit time ' - 9h 1 3' 1 8^ Apparent time ^ 9h IS' 
Son's right aac«n. U 13 S5 long.bfacct. in t. 9 SS 

V.i^ascen.nierid. 9 S5 43 Reduced time - U 40- A.M. 
Rt,ascSpicaVirg. 13 14 58 

Mw. ditt-SfricaVu-. 3 49 10' . '. luigg . 4 66941- 
Declin. SpicaVirg. 10 8 S, - - co-sine *- 9.99817 
I^atitude ship - 40 36 N, - ■ - cc^sip* - 9.flS040 

Snm - - 60 44 N.V. S. - 9670T 

34354 . . 4.5359ft 

TnMakEtade . 16 49 N-co-t.!. .~fl06V 

|lfd.TaUezit. + 9 S Obs: alt. ]) *a w. Umb - 47>58' 

—w~^ Moon's seniuamettr — 15 » 

Apparent altitude 16 58 6 - D^ - " - — 9 6 

Apparent distance Stihtl'SO" App. alt.])'<center - 47 14 &. 

Moon's semidtam. — 15 3 App. ah-'Spka-Virg. •. 16 58 6 

Augmentation — ^ H - -i 

■-. T-. DiS mar. ahitudet - 96 3154 

Apparentcent.dist. 36 26 6N.V, S. 195469 

DiKapp'. altitudes SO 8^ 54 ^^. V. S. 197t78U( (Uff.a9S506ft 

Con y»»lt. - + 96 ST - Diff. 58891 -. - 4.765601 

C<MT. sk's alt. - -i- -3 6 * " - " " - - ' ■ — , 

t^'^ 8* ' — ' 67632 *. - 4.760664 

Diff. true alt. - 31 1 37 N.V.R 14307^ - . ' 

»Stl? ', 

Tme distance - 36 56 15 K. V.B, 200708 
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True distance - 36 S6 15 

bist.atxxi. hours 38 16 20 - DiflF. - l°20' 5" ^ P. L. - 3517 
- atnooa - 36 44 4 - DIS. • 1 32 16 - P. L. - 3g03 



Proportional part 
Preceding time 



Apparent time at Greenwich 
Apparent time at stup 



Irf>n|^tude in time 



^ s 


36 


14 


- 21 








- 23 


56 


14 


- 9 


12 


18 



I 36 4 = 144° 1' E. 



in. 

Tl August 23, 1792, "in latitude 48° 54' S. and longitude, by 
Account, 25"40'W. at Ih. 1^ 18" appaVent time, the distance 
tietween the nearest limbs of the Sun and Moon was 68° 21 20", 
Required the true longitude ? 

Apparent time • Ih. IS' 18" Apparent time 
Sun's right ascen. 10 IS 85 Longitude in tin 



Right ascen mer, U 27 43 Rtduccd time 
Moon's right ascen. 14 33 55 Horizontal parallax 



Moon's mer. dist. 3 6 1 
Moon's declination 11 10 
Latitude - 48 54 



•nsing 
co-sine 
co-sine 



37 44 — N.V.S. -20913 
N. No. - 20140 



True altitude - 16 7 — N.co-v.tine4105S 
- Reduction - — 45 48 



Apparent altitude 35 21 12 

Sun's mend dist- -1 15 18 

Sun's declination 11 6 . 5, N, 

Latitude - 48 54 . 0, S. 



nsmg 
CO sine 
CO- sine 



0.5,N.V.S. 

N.No. 



Sun's true a^tude 27 44 N.co-T,sine 53463 
Reduction - -|- ' '^^ 



€un*s apparent alt. 27 45 40 
■VOL- 1. 2 c 



Ih. IB' Is" 

1 42 40 

2 57 58 
57 48 

4.4.9455 
9.99170 
9.81781 



3.72829 
9.9917$ 
9.81781 



Observed 
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ObserTeddistance68''2l'20'' Appar. altitude of !» 35'21'l»" 

J-im's semidiam. 4- 1-5 SS Appar. altitude of 27 45 40 

Moon's semidiam. -|- 15 +5 



AugmentadOTi -j- 8 ' Diff. of app. alt. - 7 34 32 

Apparent distance 6s 53 6 N.V. 8.639759 
Diff. app. altitude 7 34 32 N. V. S. 008728 

Log. dif. 9-995947 

Moon's true alt- 36 7 Diff. - 631031 L.%. - 5.800051 
Son'strue altitude 27 45 . .. — 

N.Ko. €25170 - 5.796998 

Diff. true attitudes 8 22 N.V.S. 010643 

Tniedistance - 68 3S 33 N.V.S. 635813 

Distance at noon 67 6 52 Diff. l"Sl'4l" ^ P. L. - 9930 

Dist- at III hours 68 39 55 Diff. I 33 3 - P. L. • 2866 

Apparent time at Greenwich 2 57 23 •< P. L. - 006* 
Apparent time at place of obs. 1 15 13 



Longitude in time - 142 4=25''3rW. 



CHAP. VII. 

^ Neaf Method* of Jinding the Longitude and Latitude of a Shtf 
at Sea, 



Iktroduction, 

-^N the preceding methods of finding thef longitude at sea, the 
nicbssary elements, beside the obcerrations, are, the latitade of the 

* Tbia method wu trammitKd (o Dr. Mukelyne, leveial jttTS iftcr Ihc lUlhor 
ditooveml ii; ineonsfquence oF nhich ht racsivci] i lettci front Ur. Maikelyne, dutd 
Roul ObirrvMaTj, Greenwich, Mtyii, i7B7,froin which (he following iiextncicd. 

" Lwi Sunday K'nntKht, apifer of joun wu left with tre, entitled, A Nno Mtthtidof 
fiiding lilt Lovgitudt ant Latituii of B Ship iT(5ni, vrhich 1 wudntinlto pieleni [othe 
Ba*idof I.oTigi'ude, ifl ihougMi: drwrvin^ of that honour. I shall be readj lo prrsent 
it to the Boaid RtthL-ir next meeling, ul ihink Ilinf^nioui, snd that you might leap the 
Crrdit yon ddrnrc. Yout method ol correcimi; theenot* arillng rrom awroogauuinpiion 
of horizontal pitalhx of the Mooa and lemiiliimRcr, are tnileed ingrn'ioua, and your 
uiode^ Of cilculailon for finding the latitude, tiirie, anil longitojdc, arc neat." For thit 
intihnd the auihoi wtt henonrnl with tbe tfiiwt* uf the Boarda of LoD{iludc of EngUod 
and ot France. 



ship, 
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ihip, utdifs longitude by tccoimt, together with the tune at the ship 
nearly. Itioay, however, hapjren, that the latitude is not accurately 
known; hence the apparent timeat the ship cannot be computed; and 
consequently the ship's longitude will remain unknown. To obviate 
this, the following method was invented, wherein neither the latitude, 
longitnds, nor time, are required as necessary data, but are found 
directly firam the sapie set of observations. 

Pkqblkm. 

The Apparent Distance between the Moon and the Stm, w affixed 
Star, together with the Altitude of each being giver\t to^na tht 
JjOiiiUiU and Longitude oj the Place of Observation. 

Rule. 

Tak^ the scmidiameters of the Sun and Moon, tnd the Moon's 
horizontal parallax, from the Nautical Almanac for the noon of 
the gtvenday; and let the Moon's semidiameter be increased by itt 
auementation from Table XXXI. 

Reduce the observed altitude of each object's limb to the apparent 
central altitude, and find the correction of altitude answering to each { 
doax whence, and the central distance of the objects, compute the 
correct distance as forinerty ; and find the corresponding time at 
Greenwich. 

To this time, let the Moon's semidiameter and horizontal parallax 
be again taken from the Nautical Almanac, and find the sum of the 
corrections of the altitudes of both objects. Then to the ar-co. of the 
P. L. of the sum of the estimate cvrrectipns, add the P. X.og. of the sum 
of the true corrections, and the P. Log. of the di&erence between tba 
apparent and computed distances \ the tUsi will betheP.'Log, of the 
correctitKi of distance, which correction, together with the chaci;;* 
of the Moon's semidiameter, between noon ajid the Gr^entvich time 
of observation, being applied to the apparent central diitapce, will 
gire the true distance ; irom which the jippar^nf *jipf at Greeowicib 
is to be re-conqtuted*. 

From theN. V.sineoftheEesithdittaaceoftheobject nearest the 
meridian, subtract the N. V, sine of the difffr^c^ between the true 
distance, and the zenith distance of the other pbject. To the log. of 
the remainder, add the log co- secants of the two la$t quantities ^ the 
sum of these three logartthmt being found iq Tzble xlix. give* 
arch first- 

Fromtj^e N. V. sine of the polar distance of the obj^ nearest the 
meridian, subtract the N. V. sine of the difference between the true 

* If ihe ditf^rencc between ibe compntrd and ctue diii^Qcci ii ■ very cnull qaaniitf, 
<Cbt diStrence bftwccn Ibc iippiox.iiBaic and itic ippareni time at Cicenwich, e)pieiK4 
in second), will be netrlj equal tolwice ihe number of iKond* inlbit qiunlity. 

2 C S distant^ 
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distance, and the polar distance of the other object ; totheIo£. oftha 
remainder, add the log. co-secants of the two l^st distances } the sami 
being found in Table xlix. gives arch secoTid. The difference betweeir 
archei first and second is arch third. 

'J'ake the log. of arch third from Table xlix. to which add the 
log. sines of the zenith and poiar distances of the object farthest from 
the meridian; add the natural number answering to this sum, .tQ 
the N. V, sine of the difference between the above zenith aOd polar' 
distances ; the sum will be the co-versed sine of the latitude c^ the' 
place of observation. , . . . ■ 

Take the log. of arch third from Table xlvii. to which aid the 
log.co-sineoftnetatitude.andthe log. co-secant of the zenith distance^ 
ot the object farthest from the meridian ; the sum being found in 
Table XLVii. gives th»di5tanceof that object from the meridian at the 
lime of observaiion, 

Now, if the object whose meridian distance is computed be the 
Sim) the apparent time at the ship will be k'nownj trie difference 
between which and the Greenwich time, will be the longitude of the 
ship from Greenwich. But if that object is a star, or the Moon, lef 
the right ascemion of the meridian be found, by applying the object's 
meridian distance to its ri|;ht ascension, reduced to the Greenwich 
time of observation, by addition or subtraction, according as it is' to. 
the west or e^t of the uigridian ; froo) which subtract the Sun's right 
ascension, and the remainder wiU'be the apparent time at the ship. 
Now, the ditterence between the ^)parent times of observation at the 
ship and Greenwich, will be thelon^tudeoftheshipin timei which 
is east, if the time at the ship is later than that at Greenwich, but 
west, if earlier. 

RiMARK. 

If the object fi-om which the time at the ship is inferred be the Moon, 
©r a star, and its altitude imperfeftly observed, itwill be proper to take 
altitudes of the Sun for that particular purpose, either previous, of 
subsequent to the observations for the longitude. In this case, the 
computed latitude must be reduced to the place of obsen-ation of tVe 
Sun's altitude, by ajiplying thereto the change of latitude.- in iha 
interval between tlie observations ; and the longitude found by the 
comparison of the time thus computed, with the Greenwich time, 
Will be that of the meridian of the place where tlie observations for 
the apparent time were made. 

Examples. 

.1. 
Being in south latitude June 2f, 1792, in the afternoon, the 
distance betweeti the nearest limbs of the Sun and Moon was 55' +18* 
3*", the altitudeof the Moon's lower limb 45° 23', that oftheSun'f 

17" W. 
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17° iO', md hei^t of the eye 12feit. Retiuiredtlulatkadcan^ 
loDgitude of the place of observation ? 

Obs.dist.n. 1.55° 43'84" Alt. 5'sl.I.4.3''23' 0"Alf.O's.l.l.ir'40' 0* 
0'sseinidia 4- 15 47 Semidiam.-|- 15 7 Semidiam. + 15 47 

5'ssemidia. -j- i* 58 Dip - - — 3 18 Dip 8 18 

Augment, + ■ 9 

App.alt. 43 3 i 49 Appar.alt. 17 58 29 

Ap. can. dirt. 56 19 28 Correct. + 38 47 Correct. — 2 47 

Moon's app. alt. 43" 34' 49'Tr.alt.4+ 15 36 True alt. - 17 49 42 
Sun's app.-alt. 17 32 29 

Difference - 25 42 20 N. V. S. 098965 . ■ - 

Appar. distance 56 19 28 N.V.S. 445510 Log. diff. 9.995391 

Moon'stniedt. 44 13 36 Diff. -346545 Log. - 5.539760 

Sun's true alt. 17 .49 42 N- No.' 342887 - - 5.535151 



Di&rcnce - 26 23 54 N. V.S. 1042S4 

Computed dist. 56 26 19 N.V.S. 447171 

i)ist. at III. h. 55 51 55 Diff. 0*'34'26" - P. L. - 718J 

pi3t.atvi.il. 57 1j5 18 Diff. I S3 25 '- P. L. -. 8340 

Proportional part - - ] 14 18 - P. L. - 3843 
" Preceding time - - » 

Approximate timeat Greenw. 4 14 18 

The Moon's hor. par. at the Greenwich time is 59' 54". Nov the 
Estimate C SS" 47 ^ - C38' 51" App. distance 56° 19' 28* 

corrections ^ 2 47 J-t^ecorr. ^ g ^^ Comp. dist. 56 26 19 



Sum - fl 34 Sum • - 41 38 Difference - 6 51' 

Sum of estimate corrections - - - 41' St* Ar-co-P. L. 9.3635 

Sumoftruecorrectioni - ... 41 38 - - P. L. 0.6358 

Difference between app. and comp. dist. 6 51 - - P. t. 1.4196 

Difference between app. and true dist. 6 52 - - P. L. I.4I89 
Moon's semid. at noon 14' 2S" 

■ — — at comp.time 14 50 

pifferenc* .... i 

Apparent ^stance - - £6 1$ 28 
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The differenn betireen the trne aed compttted distances bdng onlf 
2", the error of the computed time will, therefiwe, be 4" •, hence the 
apparent time at Greenwich is 4h.. It' iS*. Monovei, the Moon't 
true altitude will be 4+° IS' 41*. 



True distance - SS" 26' 21' 
Sim's zen. distance 72 10 IS 



Diaerence - 15 43 57 
Moon's zen. dist. 45 46 19 



True distance -56 26 21 
Sun's polar dirt. 113 24 42 



. . cosecant 

- - COTSecant 


-' 


0.07920 
0.0213$ 


N. V. S. 037*6 
N. V. S. S0J48 






DiE - S850S 


■Log. 


- *.«S2» 


- rising 


- . 


♦.J238e 



Difference - 56 58 21 N. V. S. 4.'!496 
Moon'spol. dist. 99 13 N. V. S. llfiOl? 



Arch second > £ 42 9 



■ 7052J ■ Log. - 4.84892 
rising - - 4.9648$ 



Arch third - 3 89 10 - 
Sun's zen. dist. 72 10 18 - 
Sun's pol-dist. 113 24 42 - 



- nsmg 
. sine 

- sine 



4,31056 
9.97«60 



Difference - 41 J4 24 N. V. S. = 24804 

17859 4.S3185 

Latitude - 34 59 7 N-CO-T.S. =42663 p-siqe 9.91344 

Sun's zen. dist, 72 10 IS - - cosecant - 0.02138 

Arch third - 2 29 10 - r H. E.*!. - 0.21762 



App. time at ship 2 58 59 
Aj:^. t. at Gruenw. 4 ' 14 2S 



P.E.T. 



^ongit. in time 1 



15 23= IB'SOJ'W. 

n. 



In north latitude, January 10, 1791, about one o'clock P. M. ib» 
foUowinc obser\'ations irere taken, the height of the eye being Ifi feet. 
Required the latitude and longitude of the place d* ot«ervatiOD ? 
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GUt. 0:uid])'sa. b'mbs. Alt. Jl'slor. limb. Alt. 0's low, limb. 

70° 10' SO* - - 1 7' 48' - - 90» SO* 

11 40 - - 18 17 - - . 45 

13 • ■ IS 49 - - 39 

14 10 - . 19 19 - - 32 

9 20 133 - - 166 

Mean - 70 12 20 18 S3 15 - 9 41 30 

Sun's semidiam.-)- 16 19 Semidiam, -f- 15 6 SeoUd- -|- ^^ ^^ 

Moon'ssemid. -f- 15 2 Dip - — 3 49 Dip - — 3 49 

Augmentation + 4 

— — App.alt., 18 44 32 App. alt. 9 54 
Apparent diit. 70 43 45 Conreetion + *9 SO Correct. — 5 9 

Moon's ap. alt. 18 44 32 — 

Sun'iap.alt. 9 54 True alt. 19 34 2 True alt. 48 51 



Difference - 8 SO S2 N. V. S. = Oil 884 
Apparent dirt. 70 43 45 N. V. S. r= 669966 

Moon'Btniealt.I9 S4 2 Log. diff, 9.9979*1 

Sun's true alt. 9 48 51 Diff. - 658i)82 - Log. - 5.818280 



N.No. - 654970 - 5.816221 

Difference - 9 45 1 1 N. V. S. - 014453 

Correct, dirt. 70 41 46N.V.S. - 669423 

Dist. at XXI. h. 69 35 20 Diff- - 1° 6 36' - P. L. -4329 

Dirt, at noon 70 59 Diff. - 1 «5 40 - P. L. - 3327 

Proportional part - - 2 22 55 - P. L. - 1002 

Preceding time - - 91 



Time at Greenwich - . 23 22 55 

The time at Greennrich bring so near neon, the correction arising 
IVbm the change of the Moon's parallax and semtdiameter, to be' 
applied to the computed dirtance, is, therefore, almost insensible. 

True distance - 70''41'46" - - co-secant - - 0.02513 
Moon's 2en. <Kk. 70 25 68 - - co-secaot - - 0.0258* 



Difference - 15 48 N. V. S. = 00001 
Sun's aen. dist. • 80 U » N. V. S = 82955 

Diff. - 82954 - Log. - 4.9188* 

Arch 6rtt 5 44 86 - - - Rising 4.p6980 

True 
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True distance - 
Moon's polar dist. 


70 41 46 
87 S4 


N. V. S. 
N. V. S. 


co-sec»nt 
co-secant 

= 04304 
=- 1378*7 


- 


•.02513. 
0.0003,9 


Difference - 
San'9 polar dist. 


16 53 14 
111 55 47 








Diff. 


- 133043 


Log- 


- 5.12399 


Areh second - 
Arch first 


7 «7 « 
5 44 36 


_ 


rising 

rising 

sine 
tiai 


- 


5.149S1 


Arch third 
Moon'tzen.dist. 

Moon's polar dist 


1 49 V8 
70 25 58 
S7 S4 


S,((£l252 
9.97417 
9.99961 














Difference - 


17 8 2 N. V S 
N.No. 


-- 04438 
T 09'-'55 


. 


3.96630 



latitude - 59 40 N.Co-T.S. Ifi69 C&-sine 9.70332. 
l^oon'szen.dist. 70 25 58 - -cosecant - (J.02585 
Archthiril - 1 42 28 - - H.E..1\ - 0,36417 



Moon's mer. dist. 
Moon's right a«c. 



3 55 5 
20 



Right asc.merid. 20 25 15 
Sun's right asc. 10 27 48 

App time at ship o 57 27 
Ap. time at Gee en. 23 22 55 

Longitade in time J 34 82 = 23** 38' E.' 

The preceding m*thod of ctunputatibn would be fiicilitatcd, by 
taking the Moon's horizontal parallax and semidiameter irom the 
Nautical Almanac, agreeable to the time ansvering- bi the apparent 
central distance. This time may be known with sufficient accuracy 
fur the above purpose, by inspection, MoreoW) if the .latitude of 
the place of observation, and the azimuths of the observed objects, 
are kno\^ nearly, allowance may be made in the computation for the 
spheroidal figure of the earth. In this case, the computation gives 
the reduced latitude ; and,. therefore, the reduction irom Table xxxvi. 
is to' be added thereto. The following example is inserted, in order 
to illustrate the abovu. 



^ .October 1 6, J 304, the central distance between the Moo? and 
Anroaron, deduced frcci seven obscnaticns, and corrected by the 

index 
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index errop, and the error of the line of collimation watf 71° 1+' 80", 
the apparent altitude of Aldebaran was Si" 58', that of the Moon 
S7" 97' : and the azimuth of these objects 69° and 1 7" respectively, 
and the' estimate latitude 54° N. Required the true latitude and 
longituae of the place of observation ? 

'rhe time answering to the central distance is October 17, about 
Sh. A, M. and at this time the Moon's horizontal parallax is 59' 
42". 

App.alt. Aldeb. SI" 58'.0 App alt, ]) 37° 37'.0 Hot. par, 59' 42* 
Red.tab.xivi. + 5.1 Red.t.ixvj.+ 13.6 Re.t.xixiii, — 10 



It. <k - 
It. ]) - 



37 50.6 



Pifference - B 47 .5 = 5" 47' SO". 



App. distance - 71 14 3QN.V.S. 678423 
VUff. app. iPt. - fi 47 30N.V.S. 005105 

Log. diff. - 

Corr. >'salt |- 45 48 - 673S18 -Xog. - 



5.828220 



Corr. 3t:'s alt, r|- 1 31 - 666474 - - 5.823785 

Diff true ak. , g 3$ i9 N-V.S. 006587 

Tmedist; - - JJO 55 IN.V.S 67S061 

Dist. at midnight 72 24 34 - Diff. - I°29' 33* - P. L. - 3032 
atxv. hours 70 39 95 - Piff. * 1 45 59 - F.U - 2300 



Proportional part . . « 8S 5 
Preceding time . • . |2 


- P.L. 


- 7S2 


Apparent time at Greeawicll - 14 9S S 




Tme distance - 70° 55' - . Co-secant 
AUeb. zen. dist. 67 SS.i . Co-secant 


-__ 


0.02455 
0.07071 


DilFerence - IS 56,6 N.V.S. 03541 
Moon's aen. dist. 5128.6 N.V.S. 3760S 






Diff. . 95062 . 


log. - 


4.54484 


Arch first . - 8li4S'S0" - rising , 




4.64010 
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True distance ■ 
Aid. polar dist. 

Difference - 
Moon's polar dis 


- 70^55' 
■ 73 55.6 

S 0.6 

t. 87 SI 

I 

6 11 55 
S 42 SO 


-> Co-secant 

Co-secam 

N.y.S. 00I3S 
N.V.S.S5667 

m. - 95529 - Log. 

- ' Rising 

- J^'^'-'B - - 
bine - — 
Sine 

N.V.S. 03851 
1667S 

• co-T.s 20528 - Co->ine 
■ . Co-secant 
,. H.E.T. - 

. H.E.T. - . 

Reduced latitude 
Reduction Table xzxvl. 

Latitude . 
= J1°3S'W. 


0.03455 

0.01792 

. '4.96014 


Arch second - 
Arch £rst 


' 5.022OI 


Arch third - 
Ald..zen.diH. ■ 
— polar dist. • 

Difference - 

Latitude - 
Aid. zen. dist. - 
Arch third ' 


2 29 5 
■ 51 58. ♦ 
. 78 55.6 

15 57.2 

52 57.8 N 
57 58.4 - 
8 29 5 

S 51 55 

4 24 4S 

r.O 82 48 
13 27 8 


tsioio 

9.9292S 
9.98268 

♦.22207 

. 0.7831S 
- 0.07071 
r 0.217SI 


Aid. mer. dist. 
Aid tight asc. 

Right ascen. me 


. 0,07169 

S2°37'.8 
+ 14 .♦ 


Sun's right asc- 


•2 S2.2N. 


Apparent time 
Ap.t at Green. 


n 5 45 
14 82 5 




Longit. in time 


3 26 20 . 
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fcHAp. vm. 

Of finding the Lortgitude at Sea or Land, 



An Ohservatlon <^ the Distance helween the Moon and a Star, not 
used in the Niaitkal Almanae. 



Intropdction. 

X hE distances between the Moon sind the Sun, and ten of the 
brightest iixed stars nearest the Moon's p&th, are'giveti in the 
Nautical Almanac, when the Moon is in a proper position with 
respect to those objects. It may, hmvever, happen, that 'some other 
star is in a morefavourable position, for observation, than any of those 
{jiven in the Ephemeris ;_ the ship's longitude might therefore be 
aetennined by stich an otnervation, when perhaps it nonld otherwise 
be impossible. 

The difference of longitude between the Moon and the star with 
which it is to be compared, must not, however, be less than a certain 
quantity, otherwise the Moon's relative motion will be too slow, for 
the purpose of determining the longitude with that degree of [irecijioii 
with which it may be ascetiained when the Moon is compared with 
one of the stars employed in the Ephemeris. Several other elements 
enter also into this method, which makes it necessary to treat of it 
in a particular manner. 

Prob|.ch 

I. 

To find that QuantUu which the Difference between the Longitudei 
oj the Moon and the gtven Star must exceed, titat the Alown'f 
relative Motion may not he too tmich diminisljfd. 



Enter Table XTii. with the difference between the latitudes of the 

Moon and the proposed star, if both latitudes are of the same name ; 

but with their sum, if of contrary names, and find the corresponding 

• 2 2 quahtity. 
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quantity. Now, if this quantity is leK than the difference betwwW 
tbe longitudes of the Moon and given star, their distance, may be, 
observed, for the purpose of findme the longitude of the place of 
observation ; but if it is p-cater than that difference, the Moon's 
relative motion will be too slow to derive any benefit for the above 
purpose, from such an enervation. • 

EXIMPLC. 

Is it proper to compare the Moon with a Orionis, !n order ftr 
determine the lonptude, November 21, 1792, about lOh. P. M. 
reduced time i 

Latitude of Betelguese = 16° 4' S. Long, of Beteleuese = 2* 25" 52' 
Latitude <^ the Moon ) 3 N. Long, of the Mooti 11 10 4 



Difference of latitude. . 17 7 Diff. of longitude - 3 IS *8 

Now m Table xvi i . opposite to the dSff. of latitude 1 7° 7' is 33° tS'j 
whichjbeing less than the diff.oflongitude 105° 48', therefore shows 
that this star may, in the present case, be employed for the |Jurposo 
of finding the longitade. 

■ Problem 



GnKn the true Dirlance between the Moon emd a Jtxcd Star^ 
together wUh tbe Latitude o/eaek, tajiiid the Sloan's Longiltider 

ftoLE. 

To the true distance, add th« latitudes of the Moon and star, and 
find the difference between the half smn and distance. 

Now to the log. secants of the latitudes of the Moon and star, add 
the log- CO- sines of the halfsam and difference, if the latitudes are of 
tbesame name, or the log. sines if ofa contrary name; halfthesum 
of these four logs, will be the log co-sine, er sine of half the difference 
of longitude, according as the latitudes of the Moon and star are of 
jhe same, or of a different name. 

To the apparent longitude of the star, add the difference of 
longitude, if the Moon be east of the star, other\Vise nabtract it, and 
the sum or remainder will be the true longitude of tbe Moon. 

Rkuark. 

It will.be sufficient .in most cases to take out the latitudes of the 
Moon and star to tbe nearest n 



Lei the true distance hetwe«n a Orionis aUd the Moon's center be 

lOS* 
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l05» as* 14", November SI, 1792, at 10 hour* i 
Required the Moon's longitude ? 

true distance - lOS'se' 14" 

Latitude of Moon 1 S - N. - Secant 

Latitude of aOrioqis 16 3 - S. •i Secant 



0.000073 
0.017267 



Sum . . 12S 32 14 
Half - - 61 16 7 - 
Diftmice - -M 10 7 '- 


- Sine 
. Sine 

- Sine 
1792, ' 


■ 9.94294^ 
- 9.843091 


52 53 3 


19.303379 
^ 9;901686 


PiSeivnceoflonff. 105 46 6 
Mean longitude of a OrionU, Nov. 21, 
Equation of equinoxes. Table LXTl. 


2' 25*51' 40' 
— 8 
+ 19 



Apparent ion^tude of « Qrionia . - ,- 
Difference of Tang^tude, the }> being west of ^ 

boon's kngitade « *.- . 



Owen the "true Longitude of the Moon, tojhid the Apparent Tinuf 
at Oregnwich. 

From the Nautical Almanac, take four lengitudes of the Moon, 
two of which immediately preceding, and two following the giveh 
longitude. Find the difference between each pair successtvdf ; find 
also the second difference, and let their mean be taken. 

Now, to the constant log. 2.857332, add the ar-cO. of the log. of 
thevariation of th^ Moon's Icingitude In 12 hours, reddced to seconds* 
and the log. of the difference between the given and preceding 
longitudes in seconds ; the sum, rejecting radius, will be the log. of 
the approximate time in minutes, to be reckoned irom the preceding 
noon or midnight. 

Take the equation of second difference from Table xxxvir. answering 
to the approximate time, and the mean second differcnice, with which 
inter Table zxxviii. at the top, and ^nd the equation correspoudlng 
thereto, and the Moon's motion in longitude in 12 hours, in the side 
column J which being ap^ed to the approximate time, by addition or 
Subtraction, according as thtf first diS^-ence of the Moon's motitm 
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if Increasing, or decreasing, will pve tbe a pp ar e nt time at 
Greenwidi. 



November 21, 1792, tlie longtrade of the Moon deduced from 
obserrarion wa> 1 1* 10^ 5' 50"; Required the apparent time at 
Greenwich f 

!2od.atmidn. 10*27''22' O" , 
21 atnoon II 4 18 52 Diff.6*56'52" 
21 atmidn 11 11 IS O 6 53 8 Dif. 3' 44" Meui 

22 atnoon 11 18 1.27 , 6 49 27 Dif.S 41 =3'42.S 
J''sIong.2ld. at noon 11' 4° 18' 52" 
Given longitude - 11 10 5 50 



Difference - - ^ 46 .'■.8=20818"Log. - 4.318439 

Var. Jl'slong. in^Shours 6 53 8=24788" Ar-co-Iog S.605758. 
Constant log. -...._. 2.857332 

Approximate time - 10 4 41=604'.68 

Theeq. from Tab. xxiVii." 

answer, to 1 5" the eg. J 

of 2d-diff. & 6* 53' ■- ^ 



10 



App. time at Greenwich 10 4 15 

Pboblsu 
IV. 

Given ike latitude and &sltmale Longitude of the Place bf 
Observation, the Diilance letiiedi the Moon and afixtd Star, 
together with the Allitude ofeachy tojind llie true JJongitude of 
that Place. 

Rule. 

With the given btituflo, the corrected altitude, and declination of 
the star, compute tbe apparent time of observation by Prob. vii'. 
page 133. Reduce this time to the raeridian of Greenwich, and finJ 
the Moon's semidiameter and horizontal parallax agreeable thtfretd. 

With the true and apparent altitudes, and the apparent central 
distance, compute the true distance by Prob. i. page- 1 '0 ; wicn 
which, and the latitudes of the Moon iind star, find the difference' of 
longitude by Prob ti. page 204, and from thence find the apparent 
time at Greenwich, by the last problem. Now the difference between 
the apparent time at the place of observation, and that at Greenwich, 
will be the longitude of the place in tiniej as formerly. 

EXAUHS. 
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• Example. 

November 21, 1 79S, in latitude 4S° 50' N. longitude bf iccoont 
19" W. a little before ah. P. M. the distance between the Mood's 
yest limb and Betclguese was io6- 2' 24", the altitude of Betelguese 
14 iV, and that of the Moon's lower limb 26^ S8', height of the ey« 
JO feet. Required the true longitude ? 
Obs. alt. Betelguese ^ 14'44' 

Dip - - — S 



Apparent altitude - 14 41 
Rril action - _ — 4 






True altitude - 14 37 
North polar distance 82 39 
Latitude - . 48 5Q 


- Co-secant - 

- Secant 


0.0O358 
0.18161 


Sum - - 146 6 
Half - . 73 3 - 
Pifference - - 58 26 


Co-nne — 

- Sine 

- Sine - 


9.46469 
9.93046 


S8 -5 - 


1958034 
■ 979017 



Mer.dist Betel^ese 5 4 40 
R. A. Betclguese - 5 43 57 



R A of meridian 
Sun's R. ascension 



O 39 17 
■ A 31 2 



.Approximate time I 
£q. to apppox time C 
'lab. XVII. - ^~ 



- to long. 19" W. 


- IS 


Obs.dt J'sl. limb.- 

Apparent altitude - 
Correct, to red. par. ■ 

True altitude ]) = 

Stun ~ _ - 
Half - - - 


26'* 38' 
+ 13 

26 51 
- + 50 18 

27 41 18 
14 S7 25 


Apparent time - 
Longitude in tim« 


8 46 30 
I 16 


Reduced time 
Observed distance 
Augm. semidiam. 


10 2 SO 
106 2 34 
— 16 6 


Apparent dift. - 
Apparent alt. ]) 
Apparent alt. ^ 

Sum - - 
Half - - 


105 46 t6 
96 Al 
14 41 

147 18 

75 49 


42 IS 43 

21. 9 21 



Log, 
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Half - - 79 S9 ■ 
Piflference - 33 7 



tialf sum true alt. 31 9 SI 
Arch - - 29 fi 4S 



Log.diC - 9.9968H 

Co-sine - 9.449iS5 
Co-sine - 9.927867 



19-374196 

* Siii« - - 9.68709S 



Sum - r- 50 16 4 - - Co-sine •<■ 9.805637 
Difference - 7 57 BS 9 - Co-sine - 9.995799 



J9.8O14S0 
se 49 58 - . Sine - 9.90071S 



Computed ditt. - 105 25 56 
Seconds omitted = + 18 



Tniedistuice 



The Moon's longitude) inferred from tlu tme diMance^ and tlie - 
latitndes of the Moon and star, tn'Prob. ii. page 204, is U' 10" i' 
50", and die apparent time at Greenwich a^iswering thereto, by 
Prob. III. page 205, is - - =■ IVh.*' 15' 

Aadthe>i^. timeatthe^aceof obs. it 8 46 SO 

fience the longitude of that (Jacei* - 1 17 45 = 18^ 8<F^ W. 



C H A P. IX, 

■Of finding the Longitude at Sea or ^/tmdf 

MX 

An Ohseryalum-of the Distance letwe^ the Mom and a ItenH^ 



iNTaoSCCTIOH. 

J- HIS method of determining the longitude at sea Trill, forthe most 
part, be attended with the desired success, provided the Moon ia 
compared with Venus, Mars, Jupiter, or Satum. The proximity of 

MeTCui7 
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Mercury to the Sun, and the snialloess of the iq^Ku^t macnitude of 
the Georgian planet, prevent them (torn being of any service for this 
purpose ■ 

Venus and Jupiter may be compared with the Moon, even when 
the twilight is pretty strong, and in this case their altitudes may be 
very accurately obsOTed. Hence, the longitude being computed from 
the mean of several sets of observations, may be safely depended on. 

If the observer is provided with a circular instrument, he may 
measure the distance between the Sun and Moon when it exceeds 
120°. As, however, the distance when above that quantity is not 
given in the Nautical Almanac, the following method of computation 
IS fd lie Used, in place of that formerly given. In this case, the' 
diffcreiufe of longitude bAween the Stln and Moon may be foimd 
thus: 

Tothe logarithmic secant oftheMoon'slatitude^add the logarithmic 
co-sine of tu true distance, the sum, rejecting radius, wiU be ths 
logarithmic co-«ine of the dij^rence of longitude, of the same affection 
with ths distance. 

pROBLfiU. 

Given Ike Latitude of a Place, and its Longitade ly Account, the 
observed Distance between the Moon ana a Planet*, and their 
AUitudest tojind the true Longitude of the Place of Observation* 

RtTLB. 

Let the error of the mtch bt inferred from the akttnde of the Sun* 
observed the preceding evening, or from that of a fixed star> or from 
the altitude c^the Moon Or planet, taken at the same time with the 
fiistance. Hence, the apparent time of observation will be known % 
to which the longitude by account being appliedj the reduced time 
will be obtained. 

Find the apparent and true altitudes of the Moon and planet, with 
which, and their apparent central distance, compute the true distance. 
Now, with the true distance, and the latitudes of the Moon and 
planet, find their difference of lon^tude, by Prob. ii. pace 204, 
which being added to, or taken from, the geocentric longitude of the 
l^anet, found in the Nautical Almanac, page iv of the month, 
according as the Moon is east or west of the planet : hence, the 

■ Tbc diitinct betmen Ihe Moan'* limb, ind ifac center «t the plmel, if to be 
ctaened. In the ruin, no allowiDCe ii mtde Tor (he [janllix of the panet, which ia 
tnuif cuei ii inieniible. Thote who whh lo be rij;arou« in their calculi lioDi, inqr 
compute the fieocenuic p1«ce of the pluiet, in ■emidiiineter, and boriiDntd panlltij 
from the best utionoTniral ublei.. M. de Lunbre'i ublcs ol Juplicr uid iitturn, •od 
AgK of the othei pUneu by M. dc la Lude, will beprDfcr (Mthiipnipote. 

fOt. I, %z Mobn'f 
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Moon*! bus lonf|^ti»l< will be obtained. Fmdthctliitf 4tGi««inncIi 
answering to this longitude hj Prob. iii. page 205, the difference 
between which, and the time at the plica wwsemtioo> will be th« 
loD^tude of that piaci in time. 



EZAHPLB. 

April i, 1792, in latitude S5** 10' S. and iMtgimd^ hj accoonf, 
43« £. at Th. 24' P. M. per watch, the distance between the Moon'a 
welt limb and Jupiter's center was 71° 18' S", the altitude of the 
Mocm's lower limb 4'!*' 18', that of Jnpiter'i center, 11° 13', and 
height of the e^e 13 feet. Required the true I(»igitude ? 

Tiinep.w.7hS4<'Ob>.di>t.})'tl.froB^71"]9' 8" >'ah.^.fi5'35* 
Loog-lnbS W Aagm. swnidiamrter — Ifi I9 Reductioa — A 

Red. time 4 36 App. central distance 70 56 49 Red.h.par.55 30 



<M)s.alt. ))'sl.liinb=4i* 3' 



Dip 



A{^)arentahituds 41 15 
Correction • + tO i6 



Observed altitude of ^ U" 13' 

Dip - . . — s 



Apparent altitude - 11 lO 
Refraction - -^ « 49 



True altitude of ^ = 11 S 18 

Tmealt.])'! center 41 £5 38 . - - 41 6S SS 

Ak». dist. + 11"= 70 57 ■ 

Apparent alt. }) 41 15 Sum - - ' - 5S 56 

Apparait alt. ^ 11 10 H^ - - - 86 30 is 



Half ■ - . 

Dificrence . - 

Half mm true dtt. 


61 41 - - 
9 1«- - 

S6 SO 91 
43 54 2 


Cosine . . 

Cq-sine ■- - 

- - Sin. . . 

- - 0>4ine - - 

- - Conine . ■, 

• - Sine 


9.67609* 
9.9»M9( 

19.«6at8 

9.692974 


DiAcucl -' 


69 S4 SO 

16 a at 

S5 30 4S 


9.S<«i;9 
9.981B77 




19.998166 

9.764078 


Computed distance 
Sooiditobeaddeal 


71 1 8* 
— U 




True distance - 


71 I IS 
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TViwdirtaoce - 
Latitude of 1) 


71 1 IS 
» 48 S. 

1 92 N. 


. SeoBt 
Secant 

. . Sine 
. . Sine 

'■ . Sine 


; ■ 


0.0009« 
O.0OOUS 


" 1 


76 21 

SS 10 SO . 

S2 10 SO . 

85 25 45^ • 


8.7910S* 
».78«W 




19.526401 
9.7eS201 



70 51 SI 
+ 18 



Eecondi miutted ^ 

Differ, of lonritude 70 51 «. 
Geoc long, of ^f per Ephemeric 

Moon's true longitude 
Mood's long. 2d April at Qoon 

Di^rence of los^tade - 



K= 2*10? 
6 28 


Sl'44" 
16 80 


4 17 24 48 
. 4 IS S 20 



2 SI S6 . 



8° 54' SO" First diff. 
= ♦ 15 S 20 + 6° 8'50" Secdiff. 
= 4 21 16 5 + 6 12 45 + 3' 55" MeU 
=4 27 SS 8+6 17 8 + 4 18 + 4'6i' 

Constant logarithm .,-...- S.857SfJ 
Var.J'slonginI2houn 6*'12'45''=32S65' ar-co-Iog 5.6504Si 
Diff.oflong.of}>aiid7(2 21 26 « 



Jt's long, 1st at piidn.: 
2d. at aoon = 
Sd. at midn.= 
3d, at neon = 



Approximate time - 4h S3' 1 1" 
£q. from Tab. xxxriii. + 56 

App. time at Greentrick 4 84 7 

Altitude of Jupiter - 11" Ti' 
Soutbpol.distanceof^SO SS 
Latitude of sUp 35 80 i 

Sam - - 1S6 48 

Half - - 65 24 . 

Difference ? - 58 19 



log. 
= 273'.19 - log. 



S.92ST0S 



.S.4S6466 



S.65140 

9.89840 
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Arch . - 41''5U' - Sipe - - 9.82144 

Mjltipljbj •> - 8 

Meridian distance ^f 5 33 10 
Fasi.^o>vermer.shtp.I2 55 S 

Appar. time at ship 7 22 53 
App. tiinc at Greenw. 4 84 7 

Lrnif^tude in time 2 48 4« = 42°I])'£, the apparent time ajt 
the place of obserration beiog later than that at Greenwich. 
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BOOK IV. 



CONTAlXIMa 



Various other Methods of finding the Longitude of Places. 



C H A P. L 

Of finding the Longitude of a Place 
BT- 
jfn Observation of the TrtmsU of the Moon over the Meridian. 



Imtkoductiok. 

1 HIS method appears to have been first mentioned in Porchas' 
Account of Hall's Discovery of Greenland, and soon after it was 
clearly ex|^ned in Carpenter'sGeography, printed at Oxford in 1 635> 
*' which method," says he, " for mine owne part, I preferre before 
all the rest both for certainty and facility." — ^Book I. page 247. It 
was again, in 1 JSA, by M. RodOuay, by M. I'Abb6 de Chappe 
D'Auteroche, in his edition of Dr. Halley's Solar and Lunar Tables. 
It is also mentioned by Dr. Maskelyne in his instructions relative to 
the transit of Venus in 1769; by M. J, Bemouilli, in his Re. ueil 
pour les Astronomes, vol. ii. page 137; by the Abbe Toaldo, in a 
pamphlet publishedin l7S4 ; and by Mr. Pigott in the Fhd. Iran, for 
1766 and 1 7W, who 107 strongly recommnids it, " being convinced, 
that in a short time it most be umvenatly adopted, having every 
advantage over Juinter*! first sateUitei and but titttle inferior mpreci. 
uon to occultations." 

Tias method of determining terrestrial longitudes (toys M. Pigott, 
Fha.TnD$. 1790, page S87,) "I have fully detuled in thePhilosophical 

Trans* 
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Transactions, ▼ol. ltxvi. and still think it cannot be too strong^ 
recominended. The precedin™ additional set of results do further 
Gorrobonte the reliance that may be put on it, though the obierTati(xis 
vere not made with that intention, and consequently several of them 
arc deficient iu mmy particulars. Their agreement, nevertheless, is 
conciusire, and indnitetjr more satisfactory than could be expected. 
Since the above-mentioned publication, I have been informed, that 
M la Marquis de Chabert, and others, many years ago, settled 
difi'erc.ices of meridians on similar principles, and, I dare say, witlias 
much sagacity as the then imperfect state of the methixl would 
pcmit. At present it is certainly considerably improved, being 
susceplible of very great exactness and facility, which, perhaps, may 
be considered as the sole requisites for rendering it anywise useful." 

The longitude of a place may be very accurately determined by thii 
metbud ai land ; and a tolerable degree of precision may be obtained 
at Sfa, by observing equal altitudes of the Moon, as accurately aa 
pcssible, and making an allowance in the time of transit, deduced 
from the equal altitudes, for the change of declination betwees the 
observatior.s. 

As the observation for the above purpose happens so often, it 
therefore seems to demand the particular attention of the practical 
astronomer, as well as of those who travel to distant countries. The 
Marquis de Chabert, in his travels, used this method with success. 
In 175ft, he determined the longitude of Carthagena; and in order 
to facilitate the practice of it,ne described, in the Memoiret dt 
fj4cademie (or the ftv 176G, a very simple method of placing and 
verifying the position of the transit instrument, which is nearly as 
follows. 

The position of the meridian was first nearly ascertained by tneaoi 
of a mariner's compass, allowance being oude for the variation. Then, 
the transit instrument being placed in this direction, at the distance 
of 70 or 80 toises from the mstrument, a mark waa erected ) tt wbich, 
the middle division of a rod, about 16 feet long, and divided into baiS 
inches, was placed so that the rod was perpendicular to the line jtuoing 
the instmmcnt and meridian marie Now, this being prepared^ the 
apparent time of noon wat aflcertatoed by equal aldtodes ^tW Sua 
observed with a quadrant ; the diffcrance between wliicli> and tibe 
time of noon observed the sane day with llmli iiiii iiiiliiiMfnlj gwn 
the error in the position of that htUnimeBt in diae, miMmnMg to tkte 
latitude of tfieplaccanddeclinttionc^thealiKrredclijOcX: hencethf 
horizontal deviation of the instnuncBt may be computed*, witk which, 
and the distance between the itutrasient aid rod, that pvticidv 
dtvision on the rod wiiicfa b in tlw meridian may he found i snd 
hence, the transit nstrument ma^ be tn^ placed in the plane of tbe 
nwridtan. The variona opcratioiu to facititaie tbe pnetice, miih :the 
method of verifying the position of the instrumett nt ni|^ .will be 
obvious to the praoical attreaooMr. 
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The necessary dbservtbob for detemuning the longitude by this 
method, is the apparent time of the Moon's passage over the meridian ; 
or, in order to attain the utmost accuracy of which it is susceptible, 
the passage of a star, having the same declination nearly, is also 
to be observed ; both at the place whose lonptudc is wanted, and at 
a place whose situation is known. It is not absolutely necessary, that 
the same star be observed at both places. In this case, it will be 
proper to use those stars only, whose places are accurately determined. 
The imtnunenta necessary for this purpose at land are, a transit 
instrument, and an astronomical dock. At sea, the equal altitudes 
may be observed with a sextant for the sake of greater accuracy. 

The meridian altitude of the Moon being observed at the same time 
with the transit, will afford another method of determining the 
longitude ; and which, when the change of the Moon's declination 
li a maximum, ornearly so, will be found tolerably accurate. This 
method} however> can only be practised with success in an observatory. 



Givon the Apparent Time of Ike Transit of the Moani's Limh over the 
Meridian., lojind the Longitude of the Place of Obtervation. 

.RtTLE. 

Reduce the appai^it semidiameter of the Moon to time, by Tables 
xxzix. and xl. which being applied to the apparent time of transit 
of the Moon's limb, by addition or subtraaion, according as the 
western or eastern limb was observed ; the sum or difference will be 
th« MppareDt time of the transit of the Moon's center. 

From the right ascension of the Moon in time, subtract that of the 
Sun, the renuiader will be the apin-oximate time of the Moon's 
passage oyer the meridian of Greenwich. Now, to the log. of the 
difference between the change of the Moon's right ascension in 12 
hours, ;uk1 that of the Sun's in the same time, reduced to seconds, 
xdd the ar-co-log. of the difference between tlie above quantity and 
♦9200", and the log. of the approximate time in seconds j the natural 
nunber aosWeFing to the sum of these three logs, will be the correction 
in seconds of the approximate time; which being added thereto, will 
S3ve the apparant time of the Moon's passage over the meridian of 
Greenwich, 

From the P. Log. of the difference between the apparent times of 
transit at Greenwich, and at the place of observation, subtract the 
P. Log, of the difference between the variations of the right ascensioas 
of the Sun and Moon in 12 hours ; the remainder will be the P. Log. 
of the longitude of the place of observation in minutes and second.'!, 
which are to be esteemed degrees and minutes. If the time oftransit 
3t the place of observation is earlier than that at Greenwich, the 
loagitude is east, otherwise it is west. 

ESIHPLBI. 
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EZAUPLBS. ' 

I. 

JtJy2, 1792, the apparent time ofthe transit ofthe Moon's western 
limb was lOh. 13 58". Sought the longitude of the place of 
observation r 



ArpriM.tiine, 10 o 40.0 Vr. J'lH.A.in lah.ai 4 



incr.K[n.Tab.XL.+ 3.3a 



Vi.©'#ft.A.iniah. 2 a.; Ap.t.oftf. J'tcen.io 4S li.» 
DiBcrence - - . SO 36.* = lJ70''.a - loe. - a.a40SI« 



Cotyeclion 

App.t.time< 



- - s.igioat 



LongiluJc - . jo'o' . ,P.L. . o:»70 

Which IS west, because the time of transit by observation is later 
than the time at Greenwich. 

ir. 

December 30, 1 792, the Moon's eastern limb was observed to pass 
the mendian at 13h. 53' 33".8. Required the longitude at the pEce 
ot observation r = *■ 



TIk 
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The aboveUaveryreadyiuethod of finding the longitude ofaplace, 
especially as a single observation only is necessary. The longitude 
deduced by it is, boweverj affect^ by the error of the Moon's place in 
the Nautical Almsaac. The position of the transit instrument must 
also be perfectly rectified, or allowance made in the observed time of 
transit for its deviation from the meridian, otheiwise the conclusions 
cannot- be depended on. In the foUomng method, the error in 
longitude, arising from an error iii the Moon s place, is avoided ; and 
if the horizontal deviation of the iiistmment from the meridian does 
not exceed a few seconds of time, a very accurate solution may ho 
obtained, provided the declinations of the Moon and star be tiearly 
the same. 

Problem II. , 

Given lite Inttrvrth of Time between the Transit of the Moon's Limb 
and a fixed Star, over Two different Meridians, to find tlii 
Di^erence of Longitude between the Places ofOiservalion. 

Rule. 

The diffierciice or sum of the given intervals, according as the 
Moon is on the same, or on opposite sides of the star, at the places *f 
observation, reduced to sidereal time, will be the increase of the 
Moon's right ascension, answering to the difference of meridians of 
those places. To the log. of whirh, expressed in seconds, add the 
ar-co-log. of the increase of the Moon's right ascension in 12 hours, 
in minutes, taken from the Nautical Almanac, and the constant log. 
5.20951 i the sum will be the log. of the difference of longitude in 
seconds. 

., The westernmost place of observation answers to the greater or less 
Interval, according as the Moon is to the east or west of the star. 
If the Moon be on opposite sides of the star, that place will be 
' westernmost where the Moon was observed to precede the star. 

> Example. 

Let the interval in sidereal time, between the transits of the Moon's 
west limb and JScorpionis, observed at Greenwich, be Ih. 24'S".7;. 
and the interval in sidereal time, as otserved at another phce, be ih. 
21' 40".3, the bicrease of the Moon's right ascension in 12 hour* 
being 6" 13'. Required the longitude of the place of observation P 
Obs. interval at Greehw. Ih 24' 3".7 
Obs.inter.attheotherplaceI SI 40.3 



Difference - - - 2 23 .* = US".* - log. - 2.15655 
increase J's R, A. in lah. &> 12'. = 372' - ar-co-log. 7.429*6 

Constant log. .---.- . 5.20951 

Longitude - - IT" 20' 50" = 62450' - 4.795S2 

VOL. I. t F ReIiUMC. 
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Fromwliit has been said, h might be supposed, that the rules for 
computing the lor.gitude by this method, 2nd the examples to Uliutrate 
them, as given by late writers, would be accurate- However, that 
this is not the case, wiU be evident from thrfollowing remarks, which 
sre here inserted, not with the most distant view to cavil, but only as a 
warning to seamen of the dangers they are liable to, by implicitly 
trusiing to some rules, without previously examining them. In the 
£fth edition of a book upon Navigation, printed at London, in the 
year 1780, page 296, this method is proposed, and illustrated by an 
example, in which the longitude of the ship is found to be 10* 5' W. *, 
whereas the longitude, in round numbers, is 290° W. or rather 70° E. 
and in that case, the observation had been made on the 3d, in pbce 
of the 2d of December, as stated in the example. Again, in another 
treatise, printed in ITtiS, page 32, tliis method is announced a» 
follows .' A new, concite, easy, and Infallible Method to determhie the 
Lohgitudeal Sea, independent of the Dead Reckotutig, by one Person 
onhj, and no oliier Instrument but Hailknj's Quadrant veil adjusted. 
There are four examples given to illustrate this method; arid their 
errors, were it possible for any of them to exceed 060", are about StS", 
90°, nig", and 99 Irrespectively. 

Even in the moresimple parts of Navigation, which, it is presumed, 
are universally known, very considerable errors are found to prevail ; 
however, one of these only we shall .take the liberty to meiition here, 
which is as follows: — In the Encyclopedia Britannica, a rule is 
given to find the difference of longitude between two places, by 
computation, from their known latitudes and bearing i and in the 
example to that method, which is as follo\rs — " A ship from a port 
in ktituiie 56° N, sails S, W. by W. til! she arrives at the latitude of 
40" N. Retjuired the difference of longitude?" Tlie difference 
of longitude is found to be 897', whereas the true difference of 
iongitude is 2172'; the error is, therefore, 1275' = 'J1*1j'! * 
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CHAP. n. 

Tlte Jilelhvd (^finding the Longitude at Sea or Land, 

An ObservMtim oflht MuTidian AUitude oftht Mom. 

Imtkodcction. 

J. H 1 s method, which is well known to utronomers, it one of those 
msitioned hj Dr. Maskelyne, in his iostructioasrelativrtothe truuit 
of Venus, page 41. 

In order to ascertain the londtnde u accin^tely u possible br this 
method, the time of observation of the meridian altitude of the 
Moon must be when the diurnal charge of declination of that 
object is about its greatest. The altitilde of the Moon ought to be 
observed with all imaginable care ; and for this purpose a sextant, or 
circular instrument, becomes absolutely necessary. And although this 
method is not equal to some of the fbnner in point of accuracy, yet in 
favourable circumstances, and when great care is taken^ a very near 
approximation to the true lon^tude will l>e obtained. 

Problem. 

Given the LatUude of a Place, and its Longitude ly Accotmt, and 
the Meridian AUituda. of either Limb of tk^ Moon, to Jind tka 
l^aagitude of that Place. 

Vmd the time of the Moon's passage over the meridian of the ship, 
by qjplying, to the time of transit given in the Nauiical Almanac, the 
equation aoia Tabl^ xx. answering to the daily retard. iion, and 
longitude by account, by addition or subtraction, according as the 
longitude is west or east. 

Reduce the observed altitude of the Moon's limb to the true altitude 
of its center, by Prab. xi. page 112} the difierence between wiiich 
and the complement of the latitude will be the declination of the 
Moon ; of the same name with the latitude when the altitude exceeds 
the co-latitude ; otherwise, of a contrary denomination, 

813 Now, 
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Now, the difference between the declination of the Moon, and due 
at the precoJiiij; or foliowing noon or niidnight, according as the 
■ longitude is west or east, being multiplied by 12 hours, and divided 
by ihe change o£ declination in that interval, will give the apparent 
time ar Greenwich, the dlflerence between which and the apparent 
lime of transit, reduced to the meridian of the place of observation, 
will be the required longitude. 

• Remarks. 

In strictness, the apparent time at Greenwich ought to be corrected 
hj the equation of secund difference from Table xxxvir. reduced to 
time. Or. rather, cidcidate the Moon's declination to the nearest 
second, by !'rob. ii. page +t, from its latitude and longitude, inferred 
from the Ephemeris, fur the apparent time of observation ; and if thjiT 
declination agrees with that deduced from observation, the apparent 
time is accurately determined ; if not, the correction of the apparent 
time answering to the difference between the computed and observed 
declination, may ba found with sufficient accuracy by even proportion. 
As the Moon's passage over the meridian of Greenwich h given 
only lo.the nearest minute in the Nautical Almanac, and as it is 
necessary, for the sake of exactness, to have this element more 
^accurately ascertained, it may, therefore, be found to the nearest 
second as follows. 

Frem the right ascension of the Moon in time, at the noon ^r 
midnight preceding the Moon's transit, subtract the Sun's right ' 
ascension at tht> same time, and the remainder will be the approximate 
time of the Moon's passage over the meridian at Greenwic^- 

Now, as the diiference between 1 2 hours, and the difference of the 
right ascensions of the 5-im and Moon in that period, is to the 
approximatetimeoftransit, so islhe difference of the right ascensions 
of the Sun and Moon in 12 hours, to a fourth term ; to which tlJe 
equation of second difference, from Table' xxxvii, and reduced to 
time, being applied, will give the correction ; which, added to the 
approximate time of transit, the sum will be the apparent time of the 
Moon's passage over the meridian of- Greenwich. 

To reduce the lime of transit at Greenwich, to that at the meridian 
of the ship, the following rule may be e^nployed : 

As the sum of 24 hours, and the daily retardation of the Moon, 

Is to the longitude by account In time-; 

So is the daily retardation of the Moon, 

To the reduction ; which added to, or subtracted from, the time of 
the Moon's passage over the meridian of Greenwich, according as the " 
longitude is west or east, will give the apparent time of transit at the 
ship. 

If the apparent time at the ship be known, the computation of the 
Moon's transit becomes unnecessary. 

It 
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It may be remarked, that in hi^h latitudes, and when the change 
of the Moon's declination is considerable, the meridian altitude of 
fhe Moon is not always the greatest altitude, 

Example. 

November 13, 1804, in latitude 45° 35' 25" N. and longitude, by 
account, 20° W. the meridian altitude of the Moon's lower limb, 
observed with a sextant, was 48° 33' 40", and height of the eye 15 
feet. Required the true longitude of the place of observation r 

Moon's passage over meridian Greenwich 
Equation, Table xx. to longitude 20 W. 

Moon's passage over meridian ship 
Longitude in time _ - - - 

Reduced time _ . - - - 

Observed altitude Moon's lower limb 
Semidiameter Moon - _ 

Augmentation - . 

Pip - • - 

Apparent altitude Moon's center ■ 

Gorrectioa to apparent alt. and hor. par, 59'2~'' 

True altitude Moon's center 
CompleniBnt latitude * - 

Moon's declination - - - 5 9 N. 

No^', the Moon's declination at noon, per Nautical Ahnanac, is 
^° 25.'; the difference between which, and that deduced from 
observation, is Sr" 35' 9" ; and the variation of declination in 12 hours 
is 3" 5' : ' 

Hence, 3" 5' : 8° 35' 9" : : 12h. : lOh. 4', apparent time at ship. 

App.timeofJ'spass.overmer.ship. 8 45 

Longitude ill time - - ' 1 19 = ]9''45'W. 

We cannot omit mentioning in this place, that the true altitude of 
the Moon's center. may be found without using the augmentation of 
semidiameter, as follows ; , 

From tke observed altitude of the Moon's limb subtract the dip, 
and from the remainder subtract the refraction answering thereto ; 
then add the parallax of the Moon in attitude, c(HTesponding to the 

altitude 
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altitude correct^ bydip and refraction; to which the Moon's horizontal 
semidiameter being added, pr subtracted, according as the lower or 
upper limb was olMerred, ■mil give the true altitude of the Moon's 
center. Thus, in the preceding example, the observed altitude of the 
Moon's lower limb was - . . _ ^g* 55' 40" 

Dip--- - . .—SIS' 

Altitude Moon's limb corrected by dip 
Refraction ... 

Altitnde Moon's limb CMi-ected bj dip and refimction 
Parallax - . ■ . 



True altitude Moon's lower limb 
Scmidiameter 



True altitude Moon's center 



48 


49 


5S 


— 




SO 


. 48 29 


8 


- + 


39 S4 


- 49 


8 


39 


+ 


1« 


li 


- 49 


34 44 



c H A'p. in. 

Of gliding the Longitude at Sea or Land: 

The atxeistry Data being 

The olserved Miiude ff either Limb of the Mom, ttu Jpjmmt 
Tims at the Place of Observelion, together with its Latitude aa4 
tangiiude hj jiccounl. 



Introdoctios. 

c I ^^ "^^Rree of accuracy is not to be expected in this, as in any 
of the former methods. In some of these, it was sufBdent to take 
the altitnde of the nearest minute, but in this, the altitude should be 
taken to the nearest second, and the apparent time of observatioa 

determined 
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determined to the tenth of a second' The Moon's right : 
and declination should be reduced to the apparent lime of obserTatioa 
bythe method of /nier^o/ad'on; or rather computed by the ruie given 
in page. 41, from the latitude and longitude of the Moon reduced by 
interpolation to the time and place of observation j 'as these elements 
are given in the Nautical Almanac to the nearest second; whejeas 
the right ascension and dedination are given only to the nearest 
minute. It is indeed much to be wished, that they weru given to, at 
least, the nearest tenth of a minute : and if the computed longitude 
. of the place of observation differs consider-.bly from tliat which wat 
asnimeJ, so as to make an alteration iu the Moon's declination, the 
operation must be repeated. 

Problem. 

Given the oJiserved AttUude of the MoojCt Limb, Irtjind tht Longitude 
of the Place o/" Oliservatum. 

ROJLE. 

Reduce the apparent time of observation to the meridian of 
Greenwich, by Prob, iii. page 105, To this time talce the Moon's 
declination from the Nautical Almanac; with wiiich, the correct 
altitude of the Moi^n, and the latitude of the place) find the horary 
distance of the Moon from the meridian by Prob. ix. page 137> 
Now to the Moon's right ascension at the preceding norm, add its 
meridian distance, if in the western hemisphere, — otherwise subtract 
it ; and from this sum, or di^erence, increased bf aCli" if necessary, 
subtract the Sun's right ascension at the preceding noon ; reduce the 
remainder to minutes, and find its logarithm. 

From the sum of 1 80", and the variation of the Sun's right 
ascrasion in 12 hours, subtract the variation of the Moon's right 
ascension in 12 hours, and find the arithmetical complement of the 
logarithm of the remainder. Now, the sum of these two logarithms, 
and the constant quantity 2.657332, will be the logarithm ofa certain 
quantity expressed in mmutes. 

From the P. Log. of the difference between this time, vid the 
apparent time at the place of observation, su'jtract the P. Log. -of the 
difference between the variation of the right asc jnsioos of the San 
and Moon in 1 2 hours, and the remainder will l^e the P. Log- of the 
longitude in minutes and seconds, which are to bt esteemed degrees 
iadnaxaaea. 

Exam plks. 



October X7, 179-1, in latitude 43" 18'N. wid longitude by » 
U'SO'W. at llh. 87' 53" ^>par«U time, the altitude of the Moon's 

lower 
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lowerlimbWaiSS'Sr, and tlie height of the eye 13 feet. RequIreJ 
the true longitude of the place of observation I 

Observed alt. J'sl.l, sa'Sl'o" App.timeof obs. l]h.37'5S" 
Auem. semidisunoter '+ 14 .S Longitude in time t 38 W: 
Dip^ - - - 3.^ 



Apparent alt. j)'s center 23 42.6 
Correction - + 47.6 



Est.tjmeat Green. IS XS B9 



True altitude J' 
Moon's polar djs 
Latitude 


center 


24 30.2 

71 41 ■ - 
43 18 - 


- Co-secant - 

- Secant 

- Co-slne 

- Sine ^ ■ 

Sine - 


0.022J>S 
O.I38Gd 


Half - 
DiSerencs - 


139 39.2 
69 44.6 - 

45 U.4 - 

36 37.2 - 


9.53936 
9.85136 




19.55124 

9.77563 



73 14.* 
83 36.0 



Moon east of meridian' 
Moon's right ascension 

Difference - - 10 21.6 
Sun's right ascension - 202 16.2 

Remainder - - 168 5.4 = I0085'.4 - log. - 4.003699 
*^hi°"l2h"'?'- ^- ^'] ^^^■^'^■^ - Constant log. - 2.S5:332f 
Var. J'sR. A. in 12h. . 6 14.0 

10454'.! ar-coJog. 5.980713 
= 694.6 - - 2.84173S 



Difference - - 174 14.1 ^ 



11 34 36 
Apparoit timeof observ. II 37 53 



Difference 

Diff.var. ])&0'sR. A.i 



a 17 

23 3.6 



P. Lojj. 
P. Log. 



Longitude 
Which is wi 
tiine. 



SS^SS' - P. Log. - 8465 

:, because the time at the ship is later than the computod 



December 26, 1792, in latitude 45" 28' N. and longitude by 
Recount 88' 10' E. at 1+b. 20' 10" apparent time, the altitude ctfthe 

Moon's 
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Moon's lower limb vras SS*^ 2'.9, and the height of the tfe 16 feet. 
Required the true longitude i 

Observed alt. J 'si. limb. 39" 2'.9 Apparent Ume - l*h, SC 10' 
S«mdiameter - - -)- 15.0 liODgitude in time 2 32 40 



Apparent alt. }*s center 
Coirection 

True altitnde 
Polar distance 
Latitude - - . 


39 14.1 
+ «.3, 

39 S5.t 
71 50.6 
45 28.0 


Reduced time - 

Co^secant 
Secant 

- 0>.raie 

- Sine . 

- Sine . 


11 47 SO 

. 0.02218 
, 0.15408 


Sum . - . 
Half - 
Diffet«nce - . . 


157 14.0 
7» 87.0 
88 41.6 

!5 89.2 


- 9.2962» 
9.79699 




19.26754 
9.63377 



Multiply by 



Moon west of meridian 
Moon's right ascennon 



Sun's right ascension - S76 S.I 

Remainder - - 209 S1.S = I356I.S - 4.099035 

'*ta1'ihL?''^^■}'«0 8»-« Constant log. - - 2.857352 
Var. ])'sR. A. inl2b. 6 21. 

IXffcrence - - 174 12.2 s 1045S.2 ar-ofrJog. 5.980793 

865.28 . S.9S7159 



14 25 17 
Apparoit time at ship 14 20 10 



IKfference 
Diff. var. and )'s 
R. As. in ISh. 



}33 11.9 



P.L. 
P.L. 



Looptode - - S9° 43' - - P. L. . 6563 

' Which is east> because the apparent time at the ship is earlier than 
die computed time. 
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The Method ^Jnding the Longitude of a Place at Sta of 
Land, 



An Eclipse of the Moon. 



Introduction. 

A HIS method of finding the longitude of a place wajniMitioned bf 
Hippaichus, about 150 years Before the Christian «ra. It is 
particularly described in Apian's Cosmography as follows : 

*■ Longitudines regionum, civtfatumi loconiiaqDe ex initio edipscM 
lunaris indagare. Observa itaque principium alicujus ecltpsis in 
oppido cujus longitudo ttbi ignota' fiiertt, quod si in horis et minutis cum 
eclipsi ex tabula sequent! < accepta concordaveiit, proclHBaUs iitiiia 
locum habere mendianum Leyszningenseni* quia eclipses sequentes 
matlieinatica ^upputaiiene ad Leyazningen mendianum o^egiaHtt> 
Est enim civitas Misnis, cujus longitudo «st gn. SO min . SO, scciaulun 
^olomxnm )utem long. 94 gra. 40 min. Si autem initHua ccliftis 
di^rt, die locum ilium aliiun habere meridianum et diwnaia 
lon^tudineai, quam sic invenies- AuferDumerum horarumetminut. 
ccltpseofii mujorem de majori, et dtfiepentiam in gradus, et pwhMtn 
minnt. convtrtito hoc pacto. Fro qualibet bora accipe 15 graduS} 
]iro4< JruDQ. hone) I gnidtm^ et pr* qaolibet minu. horse, 15 minu. 
gra. Tandem numerum graduum et miiiiitOTum JAm elicitiHa) adde 
•d gradus longit. meridiani Leyszniogeo* si orientalior, hoc est, si 
awjor horanun numsrus in ea repeitus fiierit. Ant subtnUW) <i 
occidentalior, hoc est, si minor honirmn oumcrw in «a avwm in 
tahulis eelipsium reperitur, ei habebis hftigmidinem hsius^pidi dD9B 
antea ignota Aierat, Similiter etiam cum ecli[»ibus que ad ahum 
neridianum sunt luppmatx, i^to."~"£xC»smograplm PetriAffimi. 

Ed. ArUwerpicE, 1550*, 

TtTiil 

> To find (nit the lonsitodet of coontrlet, citiet, imd pUeei from the beginninc tS a 
lonir eclipie. Obierve, thereftirc, the banning of lome cclipw in the (own wboM 
InnEitude i< nnlmaHn to nu, which, if h abill inec in houn ud minutn with the 
ecltpK taken from the f^owine able, 7011 inaj \k luiued itiit ihit pUcc hai iha 
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Ttiis method is illustrated by Adrian Metius, in his HoctrittH 
Spherica, in an example applied to find the difference of longitude 
between Regiomont and Marpurg,.by the lunar eclipse of February 
II, 1598. It is also mentioned by Ed. Harnson !n the Idva 
2.0flsi/u(finu, page 49, printed at London in the year 1696; jtbrfge 
du Pilotage, and once, it has bean recoounended by succeeding 
writers on this subject. 

This is, perhaps, the most easy of the astronomical methods that 
have been proposed, to find the longitude at sea ^ as it is neither 
aftcted by refraction nor parallax, to which some of the other methods 
are liable. However, as lunar eclipses happen sa very seldom, the 
longitude cannot be found by this method so often as is necessary, 
yet such obsa'vations should not, if possible, be n^ected. 

The beginning and end of the eclipse are the principal phases from 
which thelongitude is to be found. If the observer is provided with 
a sextant, these phases may be observed with tolerable accuracy, with 
the telescope belonging to that instrmpent. The observations may 
also be multiplied, by measuring the versed sines of the enlightened 
pan of the Moon's disc, for which purpose this instrument is well 
adapted at sea. At laud, a difierenc method a commonly used. 

Peoblbu I. 
Tojlmi if a Ltatar Eclipse will be visible at a given place. 

Rule. 

To the times of the beginning and end of the eclipse, as ^yen in 
the Nautical Ahpan^, htt the bngitude by account b» aoded m 
si^Xracted* according as it is east or vest, and the correspondent 
instants of these phases by the meridian of the place will be ootained. 

Now, c«Dp^ the times of iu)vnsfng and setting hv means of a 
bdMe <rf Mmidiiimji arches, or odi^^ise t and if the reduced times of 
these phases happeo labile the Sun is above the horizos, the eclipse 
vill not be yieibte } bfU. one or both phases will be visible, if the Sun 
is under the horizop, atjd may, therefore^ be observed, provided the 
Moon u not obspuwd by fiavg^ pr jEbg. 

m^ridiin of Lcjizningen, beciuu: we bivc computed the folfoiring; tible* of 
cdiptei by mtthcmaliciil calcuUcion to the meiMiin of txjttmaixn. For It ii ■ ciijr of 
Mi«ni>, «rliowlansitii^U3i>"aa', biU,KCMillo|tDFlaleai7,a4^4o'. fiul ifibe bepn- 
DijiCof ilie «clipM Aitfcfs, ifj thai that place has a different meridiin, and k different 
loafitDdc, whicb joa wHI And out in tbi* maoner. Subtract the numbei of (loun and 
Vpnauasf tbe<clvic,tbe Icm frwa th« tK»la,uti csDvan tttf diBinace into dccKw, and 
nunnus of * itg^, u follow*. For ajsty huu take 1 s degiee*, far * niaifiei of an 
bout one degTte,u^ for every minute of an hour itTaiautnofailcgrec- Then add 10 the 
iaptet of longiMde, of the inatMiaD of Lmmlngen, Ac number of dcgica and minute* 
mmtf^m^at, i(«Kine*«ieri)', that ii, if tbcnumbeiof hoonin it be bund greater-. 
pr(ubiract,ifmore wenefly, ihalif, if a leu numkui of houn be found in it, (ban in 
ifaeiahin of eclipsa, and yonihall hare ibe tongiiude of ihii town, which had been 
SanatAf anknown to yon. Proceed in tike manner, alto, Vl^ eplipta which ai« 
«Icul«(wl for ■ diffiKou ncndiao," 

S G 2 EMMPU. 
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Was the lunar eclijue of October 11, 1791, vuible at Cape 
Comorin, in latitude 7* 56' N. and longitude 78* i' E. i 
App.timeb«gtnntn^atGreen. ISh C Af^.timeof end 15h 11' 
Long. Cape Comonn in time 512E. - - 5(2 

Reduced time, October 1 1* 17 12 - - -20 23 

orOctoberI3> 5 12A.M. - - - 8 23A.M. 
Now, to latitude 7° JG'N. and declination ofthe Sun 7*25'S. tlie 
semidiurnal archil about 51i. 56'. The Sun, therefore, rises at 6h.4'. 
Hence, the bennning of the edipse was visible ; but its end was 
invisible, as at uat time tb« Sun was considerably above the horizoua 
and, therefore, the Moon nearly as much below. 

Problem II. 

To olierve a Lunar EcUpte, and from thence to determine the 

Lojigiiiide oj the Place of Observation, 

Rule. 

Ajpply a niitaUe tw^niiying power to the telescope, and adjust it 
to distinct vision, bj means of the lunar spots, or by any other 
convenient object. Put the watch ia a proper place, or give it to an 
asmstantto hold,whoalso may be provided with materials to markdown 
the times of observation. Direct the telescope to that part of the 
Moon which, it is expected, will first touch the shadow some minutes 
before the time of the beginning of the eclipse, tfthat phase be visible; 
and as the extremity of the shadow is not well defined, a certain 
degree of shade must be fixed on ) which may be determined soon 
aiter the Moon has entered the penumbra. The end of the eclipse 
is also to be observed, the same degree of shade being used. 

Reduce the times pep watch ofthe be^nning and end ofthe eclipse 
to apparent time ; the mean of these wiU be the apparent time of the 
nuddle ofthe eclipse, the difference between which, and that given 
in the Nautical Almanac, wUI be the longitude in time ofthe [dace 
of observation ; which is east or west, according as the time at the 
place of observation is later or earlier than the Greenwich time. 

If only the beginning or end of the eclipse be observed, it must be 
compared with the correspondent phase in the Nautical Almanac, to 
find the longitude. If the eclipse is total, it will be propa to observe 
the immersions of both limbs of the Moon, and also their emenioiu. 
The mean of the first immersion and last emersitm is to be taken, 
and also that of the last immersion and first emersion } and the mean 
<rf these will be the time of the middle of the eclipse, being more to 
be depended on than that deduced from a single pair of observations. 

Now 
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Now this mean being compared with the time of the middle of the 
eclipse, as given in the Nautical Almanac, will give the longitude as 
before. 

If the observer is provided with a sextant, it will conduce to greater 
accuracy to measure the versed sines of the uneclipsed part of the 
MooH] as often as is possible, at the ingress ; and to take correspondent 
observations at the egress. 



Examples. 



October 3, 1800, the begjnaing of the lunar eclipse was observed 
at 6h. IJ' P. M. per watch, and the end was observed at 19h. 52' P. 
M. the error of the watch for aj^nrent time was ISi' slow. Required 
the longitude of the plwre of observation ? ■ 

Beginning of the eclipse per watch 6h I y' 
End • - - - 7 5S 



Middle of eclipse per watch 
Error of the watch 

Apparent time of middle of eclipse 
per Naut. Almanac 

Longitude in time - - • 3 46 s ll" SO' W, 

II. 
April 18, 1791, beingin lat. I1°4S'N. and long, by account 80^ 
E. the undermentioned observations of the lunar eclipse were taken } 
and towards the middle of the eclipse, the following altitudes of 
Antares were observed, in order to ascertain the error of the watch, 
the h^eht of the eye being li feet. Required the longitude of the 
place of observation i 

Time p. watch 9° 53' 18* Alt. = 1 1°4S' 

54 20 11 56 

55 12 . 12 S 

56 14 12 21. 

19 4 8 

Mean - 9 54 46 Mean 18 2 
Dip and refraction - - -8 

Altitude corrected 



. -6 


a 


- + 


13i 


t 7 


10 


- -9 


56 



AltitwU 
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Altitude cotrected 

Polar distance 

Latitude • - - 

Sum - - - - 
Half - - - 
Difference - . - 


115 57 - 
11 48 - 

139 39 
69 49^ - 
57 55^ - 

35 UJ - 
8 

4 4-1 29 
16 1« 98 


Co-wcww 

Secant 

Co-sine 
Sine ■ 

Sine 


. 0.0461 « 
- 0.00928 

9.5376« 
9.02806 


Half mer. dist. in deg, 
MuUiplyby '- - 

Antares' meridian distance 
- - right aficensioB • 


19.52118 
9.76059 


Right aKenaion of si«ndi»i 
Sun's right ascension 


11 S5 

1 45 23 




Approximate time 

Equation to approximate time 

Equation to longitude E. 


9 49 46 
— 1 31 
+ 50 




Apparent time - ' - 
Time per watch ' 


9 49 * 

9 54 *6 




W^chfast . . . 


S 41 





Qhservations of the Eclipse. 

Bepnning 8h 44' 43" V. S. unecl. part. End l Ih 37' 25* 

8 58 SO S8' 112 SO 

9 9 34 22J 11 IS 40 
9 SI SO 18 U 20 
9 S5 40 ISJ 10 46 16 
9 49 50 10 10 32 SO 



100 7 
Mean - 9 16 41' 



Time per watch of middle o£ eclipse 
Watchfert - - . . 



Apparent time of middle of «clipse 
per Nautical A ' 



as 41 

11 5 S6^ 
9 16 Hi 

SOSS 8 

10 11 4 

« tl 


10 I Si 

* 4S ao 



XiOngitude in time > - - • £83 Sa 6(fill^Z 

V 
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If the eclipse be partial, observations of the versed sines of the 
enlightened part of the Moon, taken near the middlet vrill be of no 
service in determining the instant of that phase, as the change is then 
too slow. The following method of WMerving a lunar eclipse is 
cominonl]r practised in observatories. 

Set the assistant clock a going exactly with the transit clock ; then, 
the telescope being prepared for observation, direct it to the Moon aS 
before, and^ as it is difficult to ascertain the precise instant of the 
beginning o£ the eclipse, a certain degree of shade is to be 6xed on, 
after the Moon has entered the penumbra. Observe also the immeruon 
of both edges of all the remarkable spots that lie in the path of the 
shadow. In like manner, the emersions of the same spots, and the 
end of the eclipse, are to be observed, the same degree of shade being 
still used. 

Reduce the times per clock of observation to apparent time ; ' 
compare the instants of the beginning and end of the eclipse by 
obscrvaticm, with those given in the Nautical Almanac, a&d their 
difierence wiU be the longKude of the place of observation in time. 

If the eclipse has been observed at any other place, compare the 
instants of each corresponding pair of observations with each other j 
their difference will be that of Uie meridians in time. Take the mean 
of all the diderences of longitude deduced from the ingress, and abo 
the mean of those inferred £rom the egress; and the mean of both will 
be the correct difierence <^ longitude. Hence, the longitude of either 
l^ace, with respect to some given meridian, may be obtained, provided 
the longitude of the c«her place is known. 

As it often happens, by reason of clouds, that the ingress or egress 
of the same spots of the Moon cannot be observed at two different 
^aces i and hence, the difference (^ Itmgitude between these places 
cannot be ascertained by a comparison of similar observations ; M. 
Cassini, therefore,, proposed, in the Memoirs of the Academy of 
Sciences for 1 6gQ *, to find the difierence of longitude between two 
places, when the ingress or egress of those spots observed at one of the 
iriaces had not been observed at the other. This is done bycomputing the 
instant, wh«i a spot observed at one of the places, but not at the ouier, 
would have been observed at this other place, by means of the times 
of the observation of two adjacent spots, and a map of the Moon. M. 
Cassini applied this method to ascertain the difference of longitude 
between Lyons and Marseilles from incomplete observations of the 
lunar eclipse of 28th July, 1693, made at Lyons, and a imaU iiland 
■ear ManeSles. 

■ Pi(e 190. Aratiwdui, I7i3> 
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Determikatiom 

Of thcLongitudc of tlielate Observatory at Aberdeen, by Observations 
of the Lunar Eclipse of 1 0th September, 1783, nwde at Aberdeen, 
and at Chislehurst in Kent, """ ' ' " - . - 

Observatory at Greenwich. 

Clock (asi loih Sept. »tno«n - 10' 9".5 
»nd Rained daily - - 5 .S 

Hence clock bit at ii houn 



19'' in time £a«t of the Royal 



Equation of timi 

tnd dailf ir 

Hence, eq. of till 



Name- of Spot!. | Timip.C.|Err.at.JEq.TiroelAp(ia..Tim..!Afk 


t.alCh.lDif Mer.l 


INGRESS. 1 






- + 










Artstarchtu - - 


9b 45/34' 


10'11''J3'20«.0 


9h 43' 42",5 


9h 50' 55" 


8' ie".5 


KejJet - - - - 


9 &1 . 1 


10 11 .5l3 20 .1 


9h 44 9 .6 




58 90 


B 10 .4 




10 1 


lO 11 


3 80 .3 


9 54 B .7 


10 


3 84 


B 15 .3 




10 14 21 


iO 11 


3 2il .4 


10 7 35 .B 




15 30 


7 54 .S 


McneUut covered 


10 15 4H 


10 11 


3 30 .4 


10 8 57 .8 


10 


17 5 


B 19 .2 


10 17 43 


10 11 


53 80 .5 


10 10 51 .9 




19 10 


8 18 .1 


Dionjvius covered - 


10 21) 38 


10 11 


6 3 30 .5 


10 13 46 .9 


10 


31 38 


7 SI .1 


Pliniiu covered - 


10 ai 47 


10 11 


S3 30 .5 


10 U 55 .;■ 




33 40 


7 44 .1 


Mare Cri«.ea« end 


10 3-2 42 


mn 


S3 90 .r 


10 95 51 .0 


10 


34 34 


8 43 .0 


westeiid ilO 3T 44 


10 11 


- 3 20 .- 


10 33 53 .0 


fO 


39 45 


8 59 .0 


Total daikuen - IlO 43 30 


10 il . 


3 ao .7 


10 36 39 .O'lO 


4<! 34_ 


9 SJ .0 


Sum - - 




354.9 


Mean - - 


'- 8 93 17[ 


EGRESS. j 


Ariiiarehui - - ;l'ih31'5*" 


io'i*'.i3'aa".4 


I'^h iV 4".3,Wh 


33' Ji-\ 


9' 47".7 


Kepler - - - -1! 33 55 


10 12 .13 33 .4 


13 37 5 ,3 13 


37 36 


10 20 .7 


Copemlcuj - - - 13 43 34 


10 12 .13 32 .5 


19 35 3+ .41 13 


4S SB 


10 IB .6 


Plato, eait end- -|13 45 39 


10 12 .33 32 .6 


13 38 32 .413 


41 93 


e 49 .6 


Tycbo,ea«end. 


3 46 54 


10 13 .33 33 .6 


13 40 4 .4.12 


4B 30 


8 33 .« 


west end - 


3 47 55 


10 12 .9 3 39 .H 


12 41 5 .4112 


49 58 


8 53 .6 


Menelau. - - - 


a 59 50 


10 12 .3 3 32 .f 


13 S3 .6 13 


140 


8 39 .4 


Dkmrtiua • - ■ 


3 I 33 


10 13 .9,3 32 .B 


18 54 45 .6,10 


S IB 


8 33 .4 


Fliniui .... 


13 3 38 


10 IS .2:3 22 .t 


13 5e 4B .613 


5 40 


a 51 .4 


Mare Ciii.eartend 


3 14 


10 12 .3;3 29 .11 


13 t 10 .1 13 

13 le 90 .ali3 


16 35 


9 84 .3 


WCM end 13 19 10 


10 13 .3*3 23 .1 


90 53 


8 39 .2 


Sam 


95.5 


Meu per egieu ........ 


9 8.68 


- - pei^igrew , . 


8 33.17 








17 31.85 




Lon^tudeofChiiUbuntmUmeE 


. —19 


LongitudeotAherieeo nearly ...... 


. S 8C.93 


Clumge of equation of time in 8' 31" 


. — .12 


LonKHndeObMrratorrit Aberdeen in time - . . 


8 86.9 W. 
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C H A p. V. 

The Aietfuid of finding the Longitude of a Place 

BY 

An Etlipte of ikt Sum 

Introddctios. 

JL HIS and the following niethodi are tlie most accrtnte of aay that 
bave hitherto been employed for the purpoie of finding the longitude 
tifaplace. The difference of the meridiuu of two pbces may be 
round to the hearest second of time} by comparing correspondent 
observations of the same eclipse. These observations arei therefore, 
feaTerlT desired by the practical astronomer. The calculation is, 
indeea, longer than that m aiiy of the former methods. This arises 
from parallax, the effect of which may be found by various meth«ds { 
however, that by means of the Nbnageshitol appears to be the easiesti 
This method was proposed by M. Cassmi in the Histoire. d< 
I'Academie .Royale des Sciences for 1700, page 131, Amsterdam, 
1 706 i. and h^ since been adbpted by succeeding astronomers, as being 
bne of the nibst accurate method^ for this pOrpbse. 
. As the ecliptic is a great circle, one half of it is always above tfao 
horizon, and the other half underneath it ; the middle of the elevated 
part is, therefore, 90° distant from its intersection of the horizon, and 
IS hence called the NonasefimaL 1'he elevation of the nonagesimal 
above the horizon is caUed its Altiiude, and its distance iroax the 
fequindctial point Aries, is caUed its Longitude. 

pROBueu i. 

Given the Apparent Tim at a Place, Ux Latiltt^e, and the OhUquitv 
of the EcltAtic, to find the Altitude and Longitude of the 
ifonagestmat 

Rulid. 

■_ Frran the given latitude, subtract the number answering theret© 
in Table xxxvi. the remaindw will be the reduced altitude. 

To the apparent time, add the Sun's right asceiuioD, reduced to the 
' TOL. 1. 9li givo 
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given time and {dace i tlie torn will be the right asccssio:! of th« 
meridian. 

]>t the difference between the rigKt ascension of the meridian, and 
o.xn. or XX IF. hours, according to wliicii it is nearest, ba reJuccd to 
degrees, and called wh first. 

, Then to the log. co-Uoije-it of the raduced latitude, add the log. 
sine of arch first ; the sum will be the log. tanger.t of arch second. 
Now, if arch first b between 0° and l&i)', the sn:n of arch iccoiwi 
and the obliquity^ of the ecliptic is arch third, otherwise their 
difference. 

To the log. tangent of arch first, add the log. co-secant of arch 
second, and the loj:; ■ sine of arch third, the sum is the log tat-gent 
of arch foorth; which, when the right ascension of the meridian is 
^between and vi. hourSj is the longitude of the nonagcsimal, or its 
supplement if between v i . and x 1 1 , hour&. But arch &tHrth being 
added to 180', if the right ascension of the meridian is between x> 1. 
and XVIII. hours, or subtraaed from 360°, if between xviii. and 
XXiT. hours, will give the longitude o£ the nonagcsimah 

To the log. tangent of arch third, add the log. co-secant of arch 
fetuth, the sum will be the log. tangent of the altitude of the 
Bonagesimal, 

EXAM?LS. 

Required the altitude and longitude of the nonagesimal, in latitude 
»7"»'9N. and longitude in time 8' WW. Nov. 26, 1787, at nh. 
18' 8". apparent time " ? 

Apparent time - - llhis' 8* 

O's R. A. at red time - 16 10 57 

Latitude = 57° 8'.9 . 

Reduction — IS. 8 R. A. of meridian - 3 29 5 = S2*16i' 

Red. ht. -56 25.1 Co-tang.9.81SR7 

Arch first 53 16.^ Sine - 9.t(98]8 taog. 0.1IU3 

Arched -27 15.^ Tangent 9.71200 co-sec. 0.3S91S 
Obliq ed. 23 28.0 

Arch Sd -50 434 - Sine - 9.88881 t»ng.O.087ST 

X^ng. OOD.65 S«.{ - Tangent - 0.33997 cos.O.O*ISl 

Altitude oonagesfanal Si" S3' tang. 0.12668 

The altitude and longitude of the nonageciiBal may also be RadilT 
■finmd by the following rule. 

• Itl>nifflricDt,kiiiD«euCi,wfiadl]w«ltitiidcaBdlM]^tad(rtlfotMBIcartin>fW 

tbBMVMtttUlUte. 

TaA 
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Find the reduced latitude of the place, and thit right steennon of 
the meridiui, as before. Then, if the right ascensioa of the meriiian !| 
less tlian ti. hours, increase ic thereby, and the lum will be the arch 
first; but if it exceedj VI. hoLirj. thediSerence between it «nd 4»ri I. 
hours is arch first. 

Take the log. con-M(>oadiag to arch first from column of riung, to 
which addthelo?.cO'Sinc of the reduced latitude, and the log. sine of 
the obliquity of the ecliptic; the sma will be the log of a natural 
number ; which being added to the natural co-versed sine of th« sum 
of the reduced latitude and o'jliquity of the ecliptic, wiU give the nat. 
versed sine of the altitude of the nonagesimal. 

Take the log. corresponding to arch first, or itt supf^ement, if it 
exceeds VI. hours, fiom Table xLvi I. J to which add the log. secant 
of the reduced latitude, and the log. sine of the altitude of the 
nonagesimal; the sum will be the log. secant of the longitude of the 
nonagcsimal, if tlie right ascension of the meridian is less than vr. 
hours. If between vi, and xii.hours> its supplement is the longitnd* 
of the nonagesimal ; but being added to 280", if the right ascension 
of the meridian is between xii. and xviii. hours, or subtracted 
£-am 360° if above xviii. ^onrs, will give the longitude of thf 
nonagesimal*. 

RemabIE. 

If arch iirst exceeds the limits of the tables, take Ag log. from Table 
XLtx answering to its supplement, to which add. the log. co sine irf 
the latitude, and the log. sine of the obliquity of the ecliptic j the 
natural number answering to the sum of these three logs being 
subtracted from the natural co-vessed sine of difference of the latitude 
andobliquity of the ecliptic, will give the natural versed sine of tht 
alutude of the nonagesimaL 

Example. 

Required the altitude and longhude of the nonantiiDal « 
Greenwich, June S, 1788, « It^ SV Mf.4 apparent time? 

Ai^wrent time = Iflh 24'56''.5 Ltt. of Greenwich 51*28' 40"N. 
' Sun's right asc. 4 ol SO .5 Reduction - - H 33 



R. A. meridian - 16 27 .0 Reduced latitude Si II 7 R 
G 

Arch first - - e 16 fi7 

• The ■IlimMe tM iMHttbdc ol ihc >on§Nl(nd m^ b« fnwd indqn^dl cf cxb 
Mher by itw lolluvi-Hif; turmute. 



... -... ,.^„.i,^„E,m. ^ ,inr obi (cl. CO! lit liar R. A, M. ficm bcV^ 

rquinoctiu poml ~f tr*. obliquiry ccl. linrliTiltide. 



M. tieta a<V\ • 

■<4viiiL.vi»j pumi -^ CDS, tniiquiiy eci^ Birr Tar I mac. >io nAta 

Tns.lorg.iKn. frMnmi.eucq.=:(i«ob. cd. ««Mlll.A.lLai^ /-«"»> 
Mtliidfc — ew. obliquity Mktw. A. A. McrMian. "^ 



Sh3 Are^ 
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Atth first - - 6 16 27 r - Rising - 5.03001 

tatitude - - 51 1* — - - Co-sine - 9.79668 

Obliq. ecliptic - 29 28 — - - Sine - - 9,60013 

Sam r r 7* ♦? — n.co.ver.s|ne=OS54* 



Alt. nonigesimal 45 47 — n. ver. sine - 30266 - Sine - 9.8553* 
StppI.arS first 5 43 3S - - H.E.T. - - 0.00119 
Reduced latitude 51 14.— - - Secant - - 0.20339 



Long, nonages. 29 23 — - r Secant r - OJ)5fl78 

The effect of parallax depends on the altitude of the nonagesinuli 
and on the distance of the object therefrom. When the object is in 
the nonagesimal, its latitude only is affected ; but in other positions, 
both the latitude and longitude of the object arc altered by parallut. 
These effects may be computed as follows. 

Pkobleh H. 

Given the Latitude of a Place, the Altitude and LangituSe oftke 
Nonagesimal, logelner with ike Lwi^tude, Latitude,am. Horizontal 
Parallax of the Moon, . tojind ttie Moon'i Parallax in Longttud^ 
■artd in Latitude. 



From the horizontal parallax of the Mooii, subtract the number 
from Table xxxiii. answering to the given latitude, the remainder 
will be the reduced paralUix. 

To the proportipnal log. pf the reduced parallax, add the 1<^. 
co-secantoftbe altitude of the nonagesimal, the log- co-sine of the true 
latitude of the Moon, and the log.co-secant of the difference between 
the longitudes of the Moon and nonaeesimal, the sum will be the 
prop. log. of the approximate parallax m longitude; which added to 
the difference between the longitudes of the Moon and nonagesimal, 
the sum will be the apparent difference of longitude nearly. Now, to 
the sum of the three first logarithms^ add the log. co-secant of the 
apparent difference of longitude of the .\)oon and nonagesimal, and 
the sum will be the prop. log. of the parallax in longitude : which is 
additive to the Moon's longitude when that object is east of t^e 
nonagesimal, otherwise it is subtractive. 

To the prop. log. of the Moon's reduced parallax^ add the log- 
secant of the altitude of the nonagesimal, and the log. secantof tht 
Moan's latitade, the sum will be the prop. log. of the approximate 
parallax in latitude : and since the parallax increases the Moonfs 

;0ittaiKe ^om the elevated pole of tlie ecliptic, it is, therefore, to be 
' tobtracted 
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jiubtracted from the Moon's true latitude, vhea the latitude of th^ 
Moon, and the elevated pole of the ecliptic are of the saine namej 
hut added when of a contrary denomination] in order to obtain the 
approximate apparent latitude of the Moon. 

Then to the log. secant of the approximate apparent latitude of the 
Moon, add the log. secant of the altitude of the nonagesimal, and the 
prop. log. of the Moon's reduced horizontal parallax, the sum will be 
the prop. log. of part first of the parallax in latitude. 

Again to the log. co-secant of the Moon's approximate latitude, add 
the log. co-secant of the altitude of the nonagesimal, the \iTOp. log- of 
the. reduced parallax, and the log. secant of the apparent difference o( 
longitude between the Moon and nonageumal, the sum will be the 
prop. log. of part s^ond of the parallax in latitude. If the Moon is 
between the ecliptic and its elevated pole, and the apparent difference 
of longitude between the Moon and nonagesimal less than QO degree^ 
part second siibtracted from part first gives the parallax in latitude ; 
put if the Moan be on the opfHJsite side of the ecliptic with respect to 
the elevated pole, their sum will be the parallax in latitude. If the 
apparent distance of the Moon from the nonagesimal exceeds 90 
degrees, then the sum or difference of the two arches, according as 
the Moon is upon the other side of the ecliptic, or between the ecliptic 
and the elevated pole, will be the parallax in latitude. 

When the parallax in latitude is to be subtracted from the Moon's 
latitude, and equal to it, or nearly so, the apjN'oximate parallax in 
latitude may be taken for the true parallax in latitude. 

Example. 
Let the longitude and altitude ofthe nonagesimal be 29° 39' and 45° 
♦7' respectively, the Moon's longitude 2' 13° 19' 41", latitude 
0° 20' 9"N. and equatorial horizontal parallax 60' 33", and latitude 
of the place of observation 51° 14' N. Required the paraUax of the 
Moon in {ongttude and latitude ? 

Equat hor. par. }) - 60" SS" Moon's longitude - 8' 13*80' 

ReductionTable xxxiii. — 9 Long, nonagesimal S9 23 



Reduced parallax - -60 24 P. L. 0.4743 Diff. of long.4 13 S7 
Altitude nonagesimal - 45 47 co-sec. 0.1447 
Moon's latitude - - '20 co-sine 0.0000 

0.6189 . - 0.6189 
DlSerence of longitude 43 57 co-sec. O.I'!>S6 

Appr. par. longitude - -f* ^^ !*• f* Q-7775 

Approximate diff. long. 44 S7 - " - co-iecant - 0.1^47 

Parallax in longitude - > SO'lo* -F. I« • 0.77S6 
' .. - Parallax 
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Parallaic is longitude - -;■ 30' 19" 
Moon's truelongitude - 2 13 16 *i 

Moon's apparent longitude 2 13 50 

Reduced parallax- 60' 24" P. L. 4742 
Ait,nonagesimal45 47 secantO.]565 
Moon's latitude 20 9 secautO.ODUO 

Appr. par. latitude 42 7 P. L. 0.6307 

Appr.app. latitude CI 58 secant n.onoo - co^ecmt - - 9.191^ 
Alt.nonagesimal 45 47 secant 0.1.'t65 - co-secant - - 0.)447 
Moon's red par. 60 24 P. L. 0.4742 0.474« 

rwt&stpar.inlat. 42 7P. L. 0.6S0?App.DL.4t'2rsec.0.146* 

Part tecond - - IS - - • P. L. - S.959ft 

Parallax in latitude 41 5S 
Moon's true latitude 20 9N. 

Moon's app. latitude 81 46 S. 



To^find th* apparent time at Greenwich of ike Ecliptic CoTyim^em 
of the Sutt and Moon. 

Roll 

Tind the difference between the Idnftitodes of tie Sim and Moon, 
at the noon or midnight tDuncdiately preceding the conjsnctioa, and 
also that which follows it. To ttit' iogarithm of the £rst of these 
diffcrenccGi eipesscd in seconds, add the ar co-log. of the sum of the 
tvo differerc«s in secords, and the conSant log. 2 857325, the sana 
vili be the log. of tie approiimate time in minutes, reckoned from 
the preceding noon or midnight. 

Take the equation from Tnble xxyvtji, ansvenng to the sum of 
the two dificrences, =nd to the mean second difference j which being 
applied to the approximate time, by addition or subtraction, according 
as the Moon's relative motion in hingitiide is increasing or deawasiDg j 
hence the apparent time of conjunctitm wiU be obtained. 
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EXAMPLB. 



Required the apjttrent rime of tli« conjunction of the Sun »ad 
Moon, June S, 1186. 

Sun'» long. Difftiel 

It-j-a 40 19 S«aoBddiff. 
4ni»Dl 1(1 a M -1 14 i« ■+- 1 4* »if« i» •+» ** . *«■■• 

miJn.a M as an —a '* 3J ^oi^ ■ *" 3of» »* sT-t-s ** + s io 

Prei:edine difference ^ 3=' 8' Zl'^ 18501" - log. - ♦S67IM 

SumofpreceJ&foldif.6 6S S = 2*78$ - ar-co. log. - S.S0S846 

Constant log. 3,857332 

Approximate time - Sh 57'29".6=S37'.«i - log. - 3,730878 
E(juatU>nTab.zsxvili. + 92 .8 

Ap.t.cenj.pastmiJn. 8 58 2.* or June 3, at 20h. 58' s".*. 



Gitm 'At Apparent Tmes of the B^ginaijig and End of a Solar 
Ectipse, tojind the Lon/ttade of tlis Puke of Olseruation. 

RtTLB. 

Redan tbe aj^parent times of the beginning and ehd of the eclipse 
ID (he meridias of Greenwich, by ap^ijying thereto the estimated 
longitude, by I*rob, ili. page 105 ; and to these times let the Moon's 
horizontal parallazt Itsigitud^ and Mmidiameter, the Sun's right 
aKcosioB and secnidiameter, be taken from the Nautical Almanac; 
hence the reduced parallax of the Monn, and the right ascension of 
the meridiWi wiU be known. From the Sun's semidiameter subtract 
the quantity of irradiation, which is estimated at 84 seconds; and 
diminish the latitude of the {dace by the quantity &om I'aUe xxxvi. 
and from the Moon's reduced parallax subtract the' Sun's horiioncal 
paraflax £:oiii I'able vii. 

Compute the altitude and Imigitndeof thenonagesimalby Prtib i. 
and, thence, the parallaxec in longitude and latitude be the instants of 
observation by rrob. ii. using the diffeivnce between the Moon's 
reduced parallax and th« Sun's horizontal parallax. 

From the Moon's relative motion in longitude during the observed 
intenrai, subtract the difference between the parallaxes in longitude, 
if the Moob is on the same side of the nonagestmal at the beginning 
and end of the edipEe i but if on o[q>osite sides, subtract the sum ^ 
the parallaxes, and the remainder will t>e the apparent motion in 
longitude in the observed interval. 

If the trufl morion of the Moon is towards the elevated pole of the 
•cliptic, then to the motion in latitude in the given interval, add the 
pnallax in latitude ilt tlie beginning of the edipse^ and the diSerence 

between 
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between this sum and the parallax in latitude at the end, will be the 
apparent motion of the Moon in latitude ; which will ba towards the 
elevated pole of the ecliptic, if the parallax in latitude at the end of 
the eclipse be le9s than the abote sirtn : but if greater, the apparent 
motion of the Moon in latitude will be towards (he opposite pole; 
Again, if the true motion of the Moon in latitude is from the elevated 
pole of the ecliptic, then, to the true motion of the Moon in latitude 
in the given interval, add the parallax in latitude at the etid of the 
eclipse, and the difference between thij sum arid the parallax in 
latitude at the beginning, will be the apparent motion of the Moonin ' 
latitude } which will be towards the elevated pole of the ecliptic, if 
the nbove sum is less than the parallax in latitude at the be^nning ; 
but if the above sum is greater than the parallax in latitude at Ox 
beginning, the apjwrent motion of the Moon in latitude will be from 
the elevated pole of the ecliptic. 

From the prop. log. of the apparent difference of longitude, its 
index being increased by 10, subtract the prop. Jog. of the apparent 
difference of latitude ; the remaindefr wilt be the log. tangent of the 
apparent inclination ; to the logarithm co-sine of which add the 
prop. log. of the apparent difference of longitude, and the sum wiU 
be the prop. log. of the apparent motion of the Moon in its reladvA 
whit. 

With the altitude and longitude of the honagesimal> find the 
Augmentation of the Moon's semidiameter by Table xxx. Now, the 
Moon's semidiameter being increased by the augmentation, ahd 
diminished by the inflexion, which is about 3^ seconds, will give the 
cotrected semidiameter of the Moon. 

Pindthe sum of the corrected semidiametera of the SbnaAd Moon 
at the beginning, and also at the end of the eclipse ; and from the 
prop, log of their sum, its index being increased by 10, subtract the 
prop. log. of the Moon's relative motion, in its proper orbit, the' 
remainder will be the log. co-sine of the central angle. 

If the apparent motion of the Moon in latitude is decreasing, that' 
b, when the Moon is approaching towards the ecliptic, the sum of 
Ihc central angle and the app:\rent interval is arch Jirsl, and thei/ 
difference arcA second; but if the apparent latitude of the Moon ii- 
incrcasing, the difference between the central angle and the aj^iarcnt 
inclination is arckjirst, and their sum arch second. 

To the log. secant of arch first, add the prop. log. of thesdm ofthtf 
corrected semidiameters of theSun andMoon at the beginning of the 
eclipse, the sum will be the prop. log. of arch third ; and to (he log. 
secant of arch second add the prop. log. of the snm of the corrected 
Gcmidiametcrs of the Sun and Moon at the end, the som is the prop; 
log. of arch fourthi 

Now, if the Moon is east of the nonagesimal, to ai^h third add th* 
paraitaz in longitude at the begiiming df the eclipse, and from arch 

fbiMh 
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ftoftl) tafiCAct the panUax in longituds at the UkI ; if the Moon it 
west of the nonagesunal, appl; the contrary nilei . Then, tg the pn^. 
logs, of each of these quantities, add the ar-co. of the prop log. of the 
Moon'a-relatire motion in longitude in the observed interval, and the 
im>p.log ofthe observed interval; the sums, rejecting 10 from each 
of the indices, will be the prop. logs, of the intervals of time between 
the' ecliptic conjunction, and the Deginning and end of the ecUpsei 
respectively ; hence the apparent time of the ecliptic conjunction at 
the place of observation wiU be known. 

Compute the apparent time of the ecliptic conjunction of the Sun 
and Moon at Greenwich by the last problem j the difierence between 
which, and the apparent time of conjunction at the place of 
observation, will be its longitude in time } which is east or west, 
according as the time of conjnnction, u the place of obtervationa 
is later or earlier than that at Greenwich. 

If the appsrent time of conjunction at Greenwich, found directly 
fiwn observation, be used instead of that as found by the last problem, 
the lon^tude o( the place of observatiwi will be more accurately 
determined. 



Example. 

June 3, 1 7S8, in latitude S"?" 9' N. and estimate longitude S' SS' 
in time, the beginning of the solar eclipse was observed at ISh. SS' 19* 
appwent time, and the end at 20h 49^ 39". Required the true 
. lonptude of the place of observation ? 

App. t. beg. eclipse l^SS'lS" App.timeofend - S0h49'«9' 
Est. hmg. in time .^-SSS- . - -•f-S'SS 



Reduced time - 19 11 51 - . - - SO 58 I 
Moon's hor. par. at beg. 60' SS* - - - at end - - 60' SH". 
Reduction, iab.zxxiii. — 11-..-..... n 

Rednced hor. parallax - 60 «S * - - - 60 2S| 
Sun's horizontal parallax 8^ - - - - $f 

Difference •---60 IS - - - - 60 1^ 
Son's semidiameter - 15 iSi Latitude - 57 9 

Irradiation - - _ sj Red. Table xxxvi. - — 1S.7 

Corrected semidiameter 15 45 Reduced latitude - 56 55.9 
Sun's long, at beg. 8*14" 14' Sun's long, at' end - S* 14" 17' 
Semidiameter - . _ ig Semidiameter - - 4- IC 



Long.Q'tw.Latbeg.Z IS 58 L(mg.0'ieaitl.ateadS 14 $8 
TOi. I. Si" Af- 
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■ - App-tin 
. - Sun's ri| 

R, as.mer. 24 53 - - Rjghtascofraer.at end 1 41 i 



Ap t bee. 19h,53'19* - - App- time of aid #'' MhW'Sft" 
0'iR.A.^. * 57 54 - - Sun's right asc.M end 4 51 47 



Arch first 6 24 53 riwng- 5.O4467Snp.5liS5'7"HXT.0,OO««» 
Red. lat. 56 55.5 - co-sine 9.7S702 - - secam - ■"■» - 

Obi. ed. 23 28. - sine - e.SOOlS 



Sum - 80 93.3oj:.v.s01404 

24089 4.S8I81 

Alt. non^.41 50 n.v. 8.254:93 - - sine - -a8«41» 

Long.nOTi.S5 84 _ - - - secant - 0.08864 

L.0'8W.l. 7« 58 

Difference 38 24 - co-secant - 0.2068 

Alt-nonae. 41 50 - co-secant - 0.1759 - - secant - - O.I27flf 

D»f.G&J'*''.p.60 13i -P.L. 0.4755 - - - 0.4755 

Par. in Itmg. 24' 57** P. L. - 0.8S83Paran)at.44'52''P.L. 0.608$ 
R.AJiI.atr.lb41 16 



Archfirst 7 41 16|riMng - 5.15460Snp4hl844''HXT.0.04«85 
Red. lat. - 56 55,3 - co.«ine 9.73702 - - lecatf - 0.2629S 
Obl. ed. - 23 28 - sine- 9.60012 



Sum • 80 2S.3n.G.T.B.0]404 

31027 4.49174 

AlLnon. 47 29;n.v.s.32431 - - - - sine - - 9.867S» 

Long.non.47 59 ...---- secant - -0.17441 
Lon.0'sci.74 38 

Difference 26 33J co-secant 0.3*96 

Alt. non. - 47 29t co-secant 0.1S24 - - secant - 0.170* 

Diff.O& J'sh.p.60 15P.L. 0.475S - - P. L. - - 0.4755 

Par.inlong. - I9'5i;T.L.-0.957SPar.JaIat. 40'43T.L.0.6455 

• In cofnputin; ihr pinltaici ia Uiitnde tnd lonsitude, the Moon'i liiitnde nay be 
•■Bpotci! = <>• by which mciBi ibc cotnpuisiian will be Kodticd moie tinclet uu ^ 
tenaej U thcmwe tan will not >a <limliilthf 4. 

. - * Par. 
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Par.Inlong. - ig'Sl.Tar.mlat. - . i^iS* 
Fw.iDJoiig.ubeg.24. 57 -_CI»nge J'«Utiiiob.int. 4 SO 

Kfference --65^ Sum - - - - 45 S 
Par.inlat.ubcg. • 44 52 

ReL mot. Lq long. 4S 4« Difference - - . IIP, L.2.99S0 

. Ap. mot.inlong. 88 40J - P.L + radiut - - , - 10.6978 
App. inclination 0" 16' - Tangent . - _ 7.6758 
Hence, the apparent motion in relative orbit is nearly equal to the 
apparent motion in longitude. 

J'ssem.atbeg. 16' SO"- at end - Ifi* SO* 
Angroent. -+ g-^.^-iiJ. 
Inflexion --.3^..._S} 

Correct. s«ai. 16 35i - - -16 38 
Sun's semid, 15 45* . • 15 45 

Sum - . 32 20^ + - - 32 23 = 64'43jT.L.+nd.lO.*44« 
Apparent motion in proper orbit - - 38 40^ P.L. - - 0.6678 

Central angle - - - - 53" 18' - co-sine - 9.776* 
Apparent inclination - . - 16 

Arch first - ■ - . - 53 34 
Arch second - > . - 53 2 

Ar.IttS3''34' - second 3.226S Arch sec. '53° 2* second0.220fl 
Sumse.be. 32 201^ - P.1,.0.7455 Sumsem.at end 32 23P.L.0.7M9 

19 12 - P.X. 0.9718 19 28IP.L.0.96S8 

Par.l.atb.24 57 - Par. Ion. at end 19 51^ 

Snm - 44 9- P.L.0.6I0S Difference - - 23 P.L 2.6717 

ll'»r.m.I,43 46ar-co.P.L.9.S8S9 9.3859 

Obs. inter. Ih 16 10 P.L.0.3735 0.3735 

Iiit.b.be.&c51 IS 5OPX.0.3697Im.be.b|.&X,Oh 0' 40T».L.2.4SU 
Apt.t.beg.l9 33 1» Ap. t (rf«nd,20 49 29 

Ap.t.c(mi. 20 50 9 Ap. t.conj. 20 30 9 

Ap.timeofconj.atGre«n.by Prob. lu. p.239 50 58 t 

Longitude in time « * * 7 £3 W. 

* Tie Sdb'i Mnidiutttp ii dlmlnlihrt bj tbe ^uwtitf tt imdiitiMi. 

SiS Bat 



D.g.tizecbvGoOglC 



T «« 3 

Bat tht appireitt time of conjanction at Greenwich, a* deduced 
fi«m obtervation, wat 20* 58' 45" t the difference between which* 
and SOh. 50' 9" is 8' SC, the longitude in time, = 2° 9' W. 

The computation being performed upon the assumption that the 
figure of the earth is an exact sphere, the longitude of Aberdeen will 
be 8' 3e".8 in time. See a paper by the author, upon the Determmauwj 
of the Latitude and Longitude of the late Observatory at Aberdeen, in 
the Philosophical Tranwctions of tiie Royal Society of Edinburgh, 
T<4. IV. page 1 50. 

Problem V. 

Given the Jpparent TtiM ^ Ifu Brgimmg, or of the BiidofaSoIar 
£<Jip«, toJndlheL(mgitudeoftlieFlaceofObset;valtoif, 

Rule. 

Reduce the apparent time of observation to the meridian of 
Greenwich ; to which time, find the Moon's semidiameter, horizontal 
paralUx, and latitude ; and the Sun's semidiameter, longitude, and 
right ascension ; find also the difference between the Moon's reduced 
parallax and the Sun's horizontal parallax. 

Now, compnte the altitude and longitude of the nonagesimal, and 
the parallaxes in latitude and longitude as usual. Hence, the Moon's 
apparent latitude will be known ; to the P. Log. of the sum of which, 
and the sum of the semidiameters of the Sun and Moon, add the 
P, Log. of their dkerence j hjf the sum will be the P. Log. of 
ircb £nt. 

If the Moon is east of the nonageumal, and the obs«-vation that of 
the beginning of the ec)i['«e, the sum of the above arch and the 
parallax in longitude is to be taken ; but if the end of the eclipse be 
observed, find their difference. If theMoon is west of the nonagesimal, 
use the contrary rules. Then to the Prop. Log. of this sum or 
difference, add the ar-co. of the Prop. Log. of the Moon's relative 
motion in longitude, and the constant log. 0.4771 ; the sum wi^ be 
the Prop. I.og. of an arch. 

Now, if the Moon is east of the nonagesimal, the above arch must 
be added to the time of the beginning of the eclipse, or subtracted 
from that of the end, if the [nrallax in longitude is less than arch 
first { otherwise added. If the Moon is west of the nonagesimal, the 
above arch must be applied to the apparent time of the beginnin|^ 
by addhion or subtracticm, according as it is greater or less uan the 
parallax in longitude ; but if the observation is that of the end of the 
eclipse, it must be subtracted therefrom, and the sum or difference 
will be the apparent time of conjunction at the [dace of observatioo } 
the difference between which, and that bythe meridian of Greenwich, 

iafemd 
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infored £NMn the Nautical Almanac, hj Frob. iit.or from ohservaiiaa 
M aboT(^ will b* the longitude of the place in time. 



At the Obiemtary at Aberdeen, the author obserred the end of the 
solar eclipse of June 15, 1767, at Sh, 32' 2" apparent time; and tt 
the Royal Observatory at Greenwich, Dr. Maskelyae obserred the 
beginning at 4h. lO'SS" apparent time*. (The berinningofttie eclipse 
could not be observed at Aberdeen, nor the end at Greenwich, b/ 
reason of clouds.) Required'tbe longitude of Aberdeen. 

Computation of the apparent Tme of Conjutictum at Aherdeen. 

Ap.t. end 5h32' S" Moon's semid. 16' 45' Sun's semld. 15' 47^.5 
Lon.int. 8 32 Auementation -(- 7 Irradiation — 3.5 

Inflexion - — 3.5 ■ . 

Red. time 5 iO 34 Corr.iemid.i5 44 

Corr. semidia. 16 48.5 - - . J6 4S.S 

J'8h.par. 6X S6 

Reductum 11 ^ Sum - • - 33 SS.5 

Moon'slat. Jnnel5,atnoon -f 1*13' 6" N. 

Red.par. - 61 15 Prop. part. to Sh 40' 34' - — 19 38 
Sun'th. par. — 8f Equation of second differ. -^ 6 

Difference 61 6j- Moon's lat. at reduced time - 53 34 N. 

2)'srt.a3c. 5h 33'd9'' Latitude • 57 9.0 N. 

Ap.t.ofob.5 32 S Reduction - 13.7 



Rtas.mer.ll 7 41 Reduced latitude 56 £5.3 N. 

18 



Arch first 6 52 19 - rising - fi.OS860Sn.6h7'41'H.E.T.aoi]41 
Red.latit. 66 55.3 - co-sine 9.73702 - secant • - 0.2629t 
Obl.eGL S3 88 - - sine - 9.60012 



Saax • 80 2S.3ilco.t.s01404 

26652 4.12574 

Alt son. 43 A»^B.T.i. 28056 . . . nae - • 0.84170 

40 9 T - - - secant - - 0.11609 

LoiLnon, 139 57 

• In Dr. MkAelrn^B Utter to itia Aathor, dited Royal ObwirUory, Gmeiiwicb, 
Dcccmbei Both, l?**), be nji, *' I obtcrved the beginning of the eclipM of the SiiBt 
" Jon* lllh UM, St 4b. II' 3''*ppucntliiBe,(v mher ■ iiiirII lmpitt*ioD af k on Qt 
•' the tnic btfiosiu; mwr bt ncksiwd i" nwaa, «r U 4h. lo* si^. Xtaa and mi hit 
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Lon-noB. 139 57 
L.0'8e.L 84 401 

Difference 55 ISf - co-sec.0.OS5t 

Alt.noD. 43 59} - co-sec.0.1583 - . Meant - 0.1430 

Bit.Q&ysp.6l e^P.L. 0.4692 - . P.L. ■ 0.469t 

Par.inlong. 34 5«iP.L. 0.7127P.iaIt.*3' 57}" - PX. -0.6123 
moan's true lat. U end - - 5? 34 

Moon'i app. latitude ... 9 S6f 
SumofO&>'isem. . . 32 S2J- 

Sum . - . - , 42 9 . P. L. - 0.8305 
Difference - - - - . 22 56 . . P. L. - 0.8948 

1.523S 
Arch first . . - - - 31 5i - P. L. - 0,762S - 
Far. in longitude - - - S4 52| 

Sum 65 58 - 'P. L. - 0.4359 

})'iret.hor. mot. ... 35 S4ar-co.PX. - 9.3958 
Constant logarithm - ' - - - - 0,4771 

Diff.bet.end&(5 - - - 1 51 18 - P.L. - 0508« 
App. time of end - - - 5 32 S 

App.timeofconj. - - - S 40 44 



Con^atioa ofth* Jppareni Time of ConjunetUm at Greenwieh. 

Htxm'a semid. 16^45'* Sun's semid. 16'47''.5 J'lhor. par. 61*27^ 

Aaement. ^- 10 Irradiation -— 3 .5 Reduction^ 9,S 

In^xion - -^ 3.3 ■ . i . 

Correct, sem. 15 44 .0 Red.h6r. par. 61 l7.S 

Ccr.sonid. - 16 51.5 . - . - 16 51 .5 Sun's hor. par. 6.$ 

Sum . - - 32 35 .5 Differeoce - 61 9 

e'sr.ts. 5h35'24"Lat.Green.51''28'.7 J'slat.atnoonlMS' 6T?, 
Ap.t.ofb.4 n si Reduct. — M .6P.p.to4hl0'5«'— 14 30-^ 

'- — Eq.seconddif.-|- Si 

B.at.mer.9 46 J9 Redacedlat.51 14.1 

18 ])'ilat.atbeg. 58 4lN. 

Archlit 8 IS 
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Arch 1st Sh'lS' 6* rinng - 5.1 8993 Sap.Sli46'55li.E.T.O.a77r« 

Red.lat. 51 14.1 >- co-une 9.79666- -secant - - 0.20334 
Ob. k1. S3 88 • line - 9.6001 3 



Sum - 74 42.1^CT.s.03343 

, S8611 4.58671 

Ak.BO.54 39i n.T.s.4SlM . . • - tine ,- O.giMS 



*^ ..... Meant 0.19262 



Lon.noR.129 jH 
L.Q*5W.I.84 Sf 



Differ. 45 50 co-5ecant-0.144S 

Alt.no. S4 sgjco-secant- 0.0885 - - - Kcant - O.S377 

Dif.0&])'sp.61 9 P. L. -0.4689 - - - P. L - -04689 

Par.ialong. »5'46"P.L. o.70l7Par.inlat.85'Mi'- P.L.0.7oe6 
Moon's latitnde at beg. - - 58 41 



Moon's app-htitnde 
Sun of aemidumcters 

Sum ■ - - 

Ciffennce 


. - Si 95} 

. . » 17 . 


P.L. O.S07» 
F.L. 1.2875 


Artk . - - 
PanUax in lon|itiide 


. 82*7 - 


1.7954 
P.L. 0.S977 


Difference - 

Mooa-irel.lior.mot. 
Constant locvitlun 

Diff.bet.bel.mdiJ 
App. time ta beg. 


13 59 - P.L. 1. 1419 
- 39 34ia.c-PX. 9.S»i9 


- SI 54 ■ 
- 4 10 58 


■ P. L. 0.9149 


App.t. (5 at Greenwich 
. - at Aberdeen 


- . S 49 4 
. S 40 44 





. Longitode in time - - - 8 20 = 2* 5' W. 

The apparent time of conjunction at Greenwich, computed bj Fntr. 
nt. is 3li. 49* 28", and hence the lonehude in time is 8' 44". Nov 
the mean of this and 7' 53", the longitude by last examine, dediice<l 
from a like comparison with the Nautical AlmaaaC) is 8' 1 8^". 

Sinct thcobserTaticuioftheiboTeecliptewere, tbebe^naing at 
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tneplace and the end sit the other, the toneinide deduced is, thentdrgp' 
affected by the sum oFtheerrors, arising from the ermr of the Moon'c 
htitudr If both observations had been the beginoing, or the end, 
the resuhing longitude would be affected by the difference of theis 
errors, and consequently vould be nearer the truth. 

An observer at land, provided with proper instrunients, besides 
flhserving the beginning and end of the eclipse, takes as many 
■leaitires as possible of the versed sines of the lucid part of the Sun g 
disc, or of the distance between the cusps. Hencej by the method of 
nterpobtion, he can find the dine of the middle of the ecb'pse, and 
■be nearest approach of the centers of the ^un and- Moon; 6-ont 
vbence the error of the Moon's latitude, and the longitude of the 
flace of observation, are determined. 



CHAP, VT. 
The Method ofjiadins the Longitude of a Plaet 

IT 

A» OsftdltttioH ofajited Star ly Ibe Moon, 

iNTKODtlCTIOM. 

VJf the method of applying observations of occultations of the 
fixed stars by the Moon, which is practised by astionomen, Dr, 
Halley observes, in the Philosc^hical Transactions, No. 354, at 
follows : " Of all the methods hitherto proposed for finding tb« 
longitude of places lor geographical uses, none seems more adapted 
to the purpose than that by the occultitiona of the fixed stars by the 
Moon, observed in distant parts. For those Immersions of the stars, 
which happen on the dark seimcirde of the Moon, and their Emersions 
from the same, are perfectly momentaneous, without that ambiguity 
to which the observations of the eclipses of the Moon, and those of 
Jupiter's satellites, are subject." By observations of the occultation 
rfthe planet Mars, 21it August, 1676, Dr. HaUey determined the 

loBfjtode 
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lon^tiide oF Oxford and DMitzic;, arid the lonTitudes of many othel' 
places have since been determined with gre.ii accuracy. 

The observations necessary for finding the longiinde of a place by 
this method are, the instant when the Moon's eastern limb covers a 
star called the Lnniersion, and that of the re appearance of the sjiar 
from behind the Mooh's west limb, called the EmeTiiun. 

This method of ascertaining the longitiitje is given in the Memoires 
de 1' Academic Hoyile des Sciences, pour I'annee 1701, by >.T, Cassini, 
|»age 65.5, printed at Amsterdam in the year 1707, and has since beeii 
employeil by astronomers for the same purpose 

I'he iiTtmersion of a star is easily observed, as the sight may be 
directed to the star till that observation Happens. In an emersion, 
the observer should direct his sight to that part of the Mom's l;:iib, 
from which the star is expected to emerge, some minutes before the 
supposed time of enfersion, a'nd continue- looking till the star appears. 
This time maybe found nearly, by adding to the observed time of 
immersion, the time required by the Moon to pass over a space equal 
to the estimated chord of the segmerif cut olf by the star. 

In the calculations, the altitude and longitude of the nonagesim'al, 
and the parallaxes in latitude and longitude, are necessary, as ia a 
Mar eclipse. These are, therefore, calculated by PrOb. i. and u. of 
last chapter. 

Problem I. 

Tojind the Jp/iarertt Time at Gremwich, (if the Ecliptic Conjunction 
of Hie Mixta and aJixeaStar. 

Rule; 

Reduce the mean longitude of the star, to Its apparent longitude 
by the rule given for that purpose in Vol. li. i 

From the Nautical Almanac, page V. of the month, take the 
longitudes of the Moon, immediately preceding and foilowirig that of 
Uie star; find also the mean second difference- of the Moon's pLce. 

Nowto the ar-co. of the log of the change of the Moon's longhuJe 
Inxi I. hours, add the logarithm of the did'erence between the star's 
longitude and tlie preceding longitude of the Moon, and the constant 
log, S.&5733? i the Sum will be the log. of the approximate time in 
minutes • to be reclconed from the preceding noon or midnight. 

• When the p'oponiooal piit isleii than 3 hoan, the rpmpmaticn m.iy b- faciliia'df 

by ■•ins K- lugsiiibmi. [n Ibii cast, the COidiuiI Jog. ii l,J;il ; and Vnt d.gices and 

minuira in the chuip of tli> Moon'i loosiluilc ue tu be csieemed minutci and iccun^l*. 

tOL.i, Sk Take 
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T^e the eqnation of second difference from Table ZXXVll.- 
mosweriag to the approunute time, and the mean second difference, 
vitb which entrr Table xxxviii. at the top, and the change of the 
Moon's longitude in twelve hours in the side column, and take out the 
corresponding equation ; which being added to the approximate time, 
if the Moon's motion in twelve hours is increasing, or subtracted if 
decreasing, will give the apparent time at Greenwich of the ecliptic 
conjunction of the Moos aod star. 

Example. 

Required the apparent time of the ecliptic coDJtmettoo of the Mooif 
•nd <i U>NoTember26, 1787 ? 
Mean long n u at giv. t. V 0' 28' 45" 

Equat. of equinoxes -t- 18 

AberratioQ • - .f- 18 ■ * 



Apparent longitnde 3 3921 - Constant log. - I.I76t' 

Moon's long, at midn. 9 IS 39 Dtff. 15 49 P.L. 1.0594 

- - - at noon 3 7 43 20 JDiff. 7 29 41 ar<o. P.L. «.619i 

Froportional ^art - - - 25 • P. L. e.85«» 

Preceding time - - - - IS 

Approximate time - - • - 12 S5 8 
The mean 2d di£F. is 1' 57" j hence, in ^ 

Tab. XXXVII, the equat. ofSddiff. is/ ^ 

l''.&,towhich,and7"»0 in r. XXXVIII. ( - 

the correctioQ is - ■- - - J 



Apparent time of conjunction - - 12 i(5 C 



To find tht LongiiuJe of a Place by an OcmUation of a Jixtd Slat 
by ibe Moon, wbe» botb tbe Immeriiott and Bmartion are obtervtd, 

RlTL£. 

Reduce the appartnt timet of observation to the meridian of 
Greenwich, by applying thereto the estimated loneitude. Find the 
Moon's horizontal pu^lax and semidiameter, and, hence, the reduced 
parallax and semidiameter as before. 

Find the apparent longitude of the star ; from thence, and the 
Moon's longitude, compute the apparent time at Greenwich of the 
ecliptic conjunction of the Moon and star, by the last problem. 
Diminish the latitude of the plue of observation by the quantity &oa 
Table XXXVI. 

Witk 
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With the reduced latitude, and the right ascensioa of the meridian, 
«>inpate the altitode and longitude of t^ nonagesimal at the instantf 
of obwrvation ; and find the difference between the longitudes of the 
nonagesimal and obierved star, which will, therefore, be tGe apparent 
differences of longitude between the nonagesimat and the Moon's 
obserred limb. Compute the parallaxes of the Moan in latitude and 
longitude by Frob. ii. page 236, using the apparent latitude of the 
star in the computation. 

Find the Moon's motion in latitude and longitude during the 
obserred interval, and from the change of longitude subtract the 
difference of the parallaxes in longitude, if the Aloon is either east 
or west of the nonagesimal at both obsernKiom ; but if east {^ the 
nonagesimal at the time of immersion, and west at that of emersiiMi, 
the sum of the parallaxes in longitude is to be subtracted from the 
change of the Moon's longitude in the above tntemL Hence^ the 
apparent difference of Icxigitude will be obtained. 

If the Moon is approaching the elevated pole of the ecliptic, 6Dd 
the difference between the parallax in latitude at the emersion, and the 
sum of the change of the Moon's latitadein the observed interval aiKl 
the parallax at the immersion. But if the Moon is receding (rota the 
elevated pole, let the difference between the parallax in latitude at th« 
immersion, and the sum of the change of the Moon s latitude and the 
parallax in latitude at the emersion, be found Hence, the apparent 
change of the Moon's latitude in the observed interval will be luiown. 
From the F. Log. of the apparent difference of longitude, its index 
being increased by 10, subtract the I*. Log. of the apparent diSermce 
of latitude; the remainder will be the log. tangent of the apparent 
inclination } to the log co-sine of which, the P. Log. of the apparent 
difference of longitude being added, the sum will be the P. Log. of tlw 
apparent motion of the Moon in its relative orbit. 
' From theP. Log. of the Moon's apparent motion in its proper orbit, 
subtract theP.Log. of the Moon's augmented diameter; the remainder 
will be the log. secant of the central angle *. Now, if the Moon be 
approaching the elevated pole of the ecliptic, the sum of the apparent 
inclination, and the central angle, will be archfirftt and their dinerence 
arch second ; the star being between the Moon and the elevated pole of 
the ecliptic ; but, when the Moon is between the star and the elevated 
pole of the ealiptic, the difference of these angles is archjirst ; and their 
sumorcA tecond. If the Moon is receding from the elevated pole of the 
ecliptic, the sum of the apparent inclination and central angle is arck 
first, and their difference arch tetond ; the Moon being between the 
star and elevated pole of the ecliptic j otherwise, their difference ii 
tttttt first, and their sum orcA sectmd. 
Now, to the log. Kcant of arch first, add the P. Log. of the Moon's 
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■eA^Uiatneter it the imtnersibn ; the sum irill be tlie P. Log. etsach 
thirj; and to the log. secant of arch second, add the' P. Log. of the 
Moon's semidiameter at the emersion, the sum U the P. Log. of ardi 
fourth. 

Then, if the Moon is east of thenonagesimal, to arch third add the 
parallax in longitude at the immersion, and from arch fourth subtract 
the parallax in longitude at the emersion ; but if the Moon is wiest of 
the nonage^imal, use the contrary rules. Now, to the P. Logs, of 
these quantities, add the ar-co of the P. ' og of the Moon's motion 
in longitude in three hours ; the sums will be the intervals of time 
between the ecliptic conjunction, and the immersIoQ and emersioB 
respectively, fience, the apprent tinie of conjunction of the Moon 
and star will be known ; the difference between which, and that 
inferred from computation, by Prab. i. page 2*9, wiB be the longitude 
of the place in time i which is east or west, according as the time of 
conjunction at the place of observatioQ is later o( earher than that at 
Crecnwich. 



Ex A U VLB, 

3) November 26, 1787, in latitude 57° 9' N. longitude by account 
8 Si W in time, the immersion of « li was observed at 1 ih. 18' 8' 
apparent time, and the emersion at 12h. 33 1^ . Required the true 
longitude pf the place of observation ? 

App timeof immers. lib IS' S" App.tinfeofemcn.12h S3' It" 
Long, by estimation 8 S2 - - - - 8 52 



Reduced time - ) I 


26 *0 


, 


le 


SI 4* 


ji's hor. par- at imm. 
Reduction - - 


61 11 
— 11 


- at emcrsiop 


- 


61 10 
— 11 


Reduced parallax - 


61 


. - - 


- 


60 59 


j'j semidiam. at immers. 
Inflexion - - - - 


16 40 
-1- 13 
— »i 


'. '' l"*^!" 


" 


16 40 



Apparent semidiameter 16 49f , . _ J6 50*- 
The apparept time at Grcenwich.of the ecliptic conjunction of the 

J and n isfouhd by Prob. i.tobe 12h25'5", 

App. time of iromer. Ilh 18' 8" Latitude - • 57^ 9' 

0's R. A. at llh.1 ,- ,_ _» Reducti(»i - - — 14 

26' 44- j'? ^° " 

■■■ ' V .. \ Reduced latitude t M fi* 

Bight ascea. meridian S 29 5 ' 
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Supplement - - - Sli'90'55 
Reduced latitude - 53 55 
OUiquitf ecliptic - 89 28 



Rising 

- CtHiine 

- Sine 



- 4.3tOSS 

- 9.73708 

- 9.60019 



33 27nU.co-v.une4' 



Ah. nonagesimal - 53 22 n!it.Ter. sine 40334 - Sine - 9.90tiS 
Sumrft. arch first - 2 SO 55 - - H. E. T. - - 0.21330 
Reduced latitude - 56 55 - - Secant - . - 0.26292 



Long, nonageumal - 65 34} - - Secant - 
I.i»gitude n - - 90 29 

App. dif. longitude 25 &i - - Co-secant 

Alt. nonagesimal - 53 SV - - Co-secant 

Af^nrent latitude :k 54 48" - - Co-sine 

Reduced parallax Jf ~ 61 - • V.h. 

20 45 - - P. L. 



O.S72B 
0.09 S 

0.4tltf9 



Parallax in long, 
latitud 

-— gesimi. 

Rid. paraUax of }) 



Apparent latitude :>^ 14' 48" Secauf 0.0001 -Co-secant 
Ah. nonagesimal 55 22 " " " 



0.9382 

1 7975 

Secant 0.2243 - Co-secant - CO'iflB 

P. L. 0.4699 0.4699 

- D.Ion.25''5j'sec.0.04.>;0 
Part first par. ia laL 36 24 P. L. 0.6949 . 

Part second - - + 4a' - - - Prop. Log. - «.*06» 



Parallax in lat. 



37 6i 



App. time emer. 12 23 12 

Snn'i R. A. «? ,- „ - 

12h. 31' 48"]"' " * 

R. A. of meridian 4 34 il 



Suwlement - 1 25 39 
Reduced latitude 56 55 
Obliquity ecliptic 23 28 . 



Rising - 
Co-sine - 
Sine 



Difference - 

Alf> oonagewDal 55 81 int.c<sTer.nne43379 



33 27 nat.co-ver.sine 44879 
1500 



3.83900 
9.73708 
9.^0013 
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Sine - 


. «.9160» 


H. E. T. - 


- 0.4S761 


Secant . 


oaesiB 



Co-«cant 


- 0.6021 


Cosecant 


- 0.08$9 


Co-sine 


- 9.9969 


Prop. Log. 


Qi4700 



Alt. nonageumal 55° 31' - 
Supplt.arch Ist 1 25 39 • 
K^ced latitude 56 &5 

Long, nonages. 76 O^ 
Long, n u - 90 29 

Difivrence long. 14 28^ 
Alt. nonages. - 55 31 
Latitude n [I - 54 48 - 

J 's reduced, parall. 60 59 - 

Farall. in longitude 12 34 - -■ Prop. Log. - 1.1559 

App latitude n u O" 54' 48" Secant 0.0001 - Co-secant - 1.797S 

Alt. nonagesimal 55 SI Secant 0.2471 - Co-secant - 0.0S30 

})'sreduced parallax 60 59 P. L. 0.4700 - • - - . 0.4700 

Partfirstpar. inlat. 34'31 P. L. 0.717SD.lon. l*"28'sec.0.014O 

Part second -.-j-46i--.- Prop.Log. - 0.S654 

Parallax in latitude 35 nl 

ki)ui.^^a. ] ^'^^' ♦•"'*■ ^- 203* Par- " ^o^S- »* '««"• 20' «' 
Observed interval 1 5 4 P.L. 4419 - at emer. - - 12 94 

True diff. longitude 40 44 P.L. 6453 -DiSerence - 8 11 
JDiffereiice of parall. 8 11 

App. diff.f^ long. • 32 33 

wnrh'SiSit' '?0''lO'22"P-t"1^396Paj.inlat.MHnm.37' Si" 

Observed interval ^1 5 4 P. L. 0.4419 - . at emer. - 35 Itf 

True difier. of latitude 3 45 P.L. 1.6815 Difference - 1 49 
Difierence of parallax 1 49 

Apparent diff. latitude 1 .66 P. L. I.96S9 

Apparentdiff.longit. 32 33 P.L. 10.7427 . - - 0.7427 

Appar. inclination S" 24' tang. 8.7738 - Conine - 0.9992 

J'smot. inrel.wbit 32 3T - - - P.L. - - - 0.7419 
J'sdJameterat imm. 33 39 - - - P.L. - - - 0.7283 

Central angle - 14 j6 - - • Secant ■_ - • 1.0K6 
Apparent inclinat. 3 24 

Arch first - 10 52 Ardl 
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Aic\ first 10» JS" - - - - Secant - - - 0.007* 
I'sKDoid-atiminer. 16 49^ - - P. L. - - - 1.0299 

Arch third - - 16 SI. - - ^. L, - . - I.0S7J 
Par, in long, at imm. 20 45 



ft mot. in 
in III hours. 



- P. L. - - - 0.6839 

- Ar-co. P. L. « 9.79S6 



Int. bet imm. &(j 59 S2 - - - P. L. 
Ap. time of inim. 1 1 IS B 



App. tim.o^con. 12 17 40* 
Ap. t. of (5 at Gr. 12 25 5 



Longitude in time 7 25 W. 

Since the time 9f injunction, deduced firom obserTatton, a 
compared with that found by bst problem ; the longitude of the place 
is, toerefbre, affected by the errors arising firom those in the longitudes 
of the Moon and star. If the time of conjunction zt Greei^wich had 
been also inferred &om observation, the longitude of the place woul^ 
have been accurately determined. Thus the apparent time of 
immersion, as observed at GreeoTich, was llh. 22 51'.?; and that 
of the emenioD, 12h. SI' 45'; with these, the apparent time of 
conjunction at Greenwich will be found to be I2h. 26 6'. 5: also the 
preceding operations bein^ performed more accuratdy, by osing 
common logarithms in place of proportional logarithms, and taking 
out the sev.^^ terms to the nearest tench of a second, the apparent 
time of conjunction at Aberdeen will be 12h. 17' 95.8 : hence, the 
difference of longitude, in time, is 8' 3 1"-3. 

In the iupposition of the figure 6f the Earth being a perfect sphere, 
the longitude in time will be 8 3e".2 See the founh vol. of the 
transactions of the Royal Society at Edinburgh, page 155. 

In may be necessary to remark that, since the apparent plaA c^the 
Moon's center, at the time of observation at Greenwich, wis between 
the Star and the elevated pole of the ecliptic, and the Moon receding 
ft6ia that pole, the sum, therefore, of the central angle and the 
a{>parem inclination is arch first. 

It often happens, that the immersion, or the emersion only, is 
observed. In this case, the loneitude may be found by the following 
problem, though not with equ^ accuracy, as it will now be adjected 
by the erron arising &om the ervor in the latitudes of the Moon and 
stir, as wdi as &om those in their longitudes. 

PROSLEU 
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Tajtni the Longitude of a Place, hj an Oceultatkn of a fixed Slat 
it/ the Moon, when the Immersion or EmertUm only ii oiierved. 

RttLE. 

Compute the apparent time at Greenwich of ihe conjunction of the 
Moonandstar, b7 Prob.i. pageS49. Find the reduced latitude and 
parallax at the reduced time of observation, with which compute the 
altitude and longitude of the nonagesiraial, and the parallaxes in 
latitude and longitude as iisual. Hence, the Moon's apparent latitude' 
at that time wilt be known. 

Find the difference between the apparent latitudes of the Moon and 
star, at the instant of observation ; to the P. Log. of the Bum of whkhi- 
and the Moon's aemidiameter, add the I* Log. of their difference ; 
half the sum will be the Prop. I>og of arch first. 

Now, if the Moon is east of the nonagesimal, and the obsertatioff 
that' of an immersion, the sum of the above arch and the parallax m 
longitude is to be taken ; but if an emersion, talce their difference . If 
the Moon is west of the nonagesimal, use the contrary rules. Then,- 
to the P. Log. of this sum or difference add the constant log 0.4771, 
and the ar co of the P. Lag. of the Moon's horarv motion fat 
longitude ; the sum will be the P. I og. of arcB second Now, in 
case of an immersion, and the Moon east of the nonagesitnal, arcli 
second is to be added to the apparent time ; but if the Moon is west 
of the nonagesimal, the above arth is to be applied to the apparent: 
time of observation, by addition or subtmction, accoi ding is arch 6rsC 
is. greater or less than the pardlax in longitude. If an emeidon bs 
observed, and the Moon at that time east of the nonageaimal, arch, 
second is to be subtracted from the apparent time of emersion ; but if 
the Moon is west of the nonagesimal, arch second is additive or 
subtractive, according as the par^Ulax in longitude is less or greater 
than arch first. Hence, the apparent time of the conjunction of the 
Moon and star will be obtained ; the difference between which, and 
the compuL'jd time at Greenwich, will be the longitude in lime, of 
the place of observation, as before. , 

ExAUPLE. 

h) October 18, 1788, in latitude 57° 9' N. longitude bf account 
8" 32' W. in time, at llh *7' )7" apparent time, the emersion 
•f 1 ^ was observed. Retjuired the correa hmghude f 

Meav 
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Mean Ion. I a S'IS'50' 4" 
£q. equinoxes + 17 

'Aberration *+ 13 



Mean latitude 
Abemtion 



i^is'srs; 



— ' ' - Apparent latitode ! 13 2S S. 

App. longitude s 13 30 34 

J'alonatmid. 2 13 48 Sediff. O'l'SS' - - P.L. - 2.0422 
- - atnoonl 20 41 SOdiff. 652 S4-f-4=l<'43'8iP.L.0.44U 

Apparent time of conjunction IShi'Sl" - - P.L. 1.8004 
App. time emer. 1 Ih *r 17' J's hor. par. 58' 29* Semidia. 15'^6* 
I^ng. mtime 8 32 Reduction 11 Augm. + 10 



Long, intime 8 32 

Reduced time 1 1 55 49 

App.timeoner. n 47 17 

©*srightaKens.l3 37 28 



Reduction 
Red.panll. S8 IS 



Augm. 
Inaex. — S 

Red.e 



Arch first - 7 24 45 - 

Redncediatitude56 55 

Obliq. ecliptic 23 28 

Sum 



Rising 
Co-nne 
Sine 



SO 23 Nat. CD-ver. sine 0U05 



£.13399 
9.73708 
9.60012 



4.47119 



Alt.Donage«imal46 22 Nat. Tcned sine 30998 - Sine - 9.85960 



SuMtlt. arch first 4 35 15 - 
Rnluced Ut. - 56 55 

JLongitude nona. 45 1 9 
Longitude of star 7S 50f 

App. diff. long. 28 31f 

Alt. nonagesim. 46 22 

Latitude of star I 13 93 - 

Reduced parallax 58 IS • 



- H.E.T. - 

Secant 



- Co-secant - 

- Co-secant • 

- Co-sine 

- P.L. 



0.03040 
0.26292 



0.3210 
0.1404 

9.9999 
0.4896 

0.9500 

1.6707 
0.1404 
0.4896 



Parallax in long. 30 9 - - P. L. . 
Latitude of star 1° 13' 2«''Secant 0.0001 - Co-sec. 
Alt-nonagenm. 46 ss — Secant O.lflii - Co-tec. 
Reduced paral. 58 IB P.L, a4896 

Partfirstpar.inlat. 40 IS P. L. 0.6508^gi*J'«^ } Secant 0.O3SB 

Vvn second -- 47 - -P. L. :- 2.3569 

Buallax in lab - 41 0^ 
TOL.X. 2l 
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FanDax in lac - 

Mood's true lat - 


88 *7f 






Mo(m'tapp.lat. l 
Star's latitud* - 1 


9 48 
1 13 S3 






DiffeieoM - "" 


a 35 
18 3 












Sum ■ - ■ 
Difference - - 


19 38 
I> 38 


- - P.L. - 

- - P.L. - 


0.9623 
1.1595 


AnhEnt - ■ 
ParaUax in long. 


IS 39 
SO 9 


. . P. L. 


2.121S 
1.0609 


DiSerence - - 
Constant loK> 


t SO 


P.L. 


1.6021 
- 0.4771 


>'shor.motinlon. 


Si 17 ' 


- Ar'co.P.L. - 


- 9.2798 


Interval - - - 
Ap.timeemer. 11 


7 52 
47 17 


- - P.L. 


• 1.3590 


App.tiaieconj. 11 
App.timeatGr. 12 


55 9 
2 61 





Long, in time 7 4s W. 

If the immenion and emersion of the same star be observed at anotlier 

gKt, the error of the Moon in longitude and latitude may be fbond. 
ence, the true latitude of the Moon at the instant of observation mil 
be known ; and hence, the apparent time of conjunction of the Moon 
and star, at the given place of observation] may be more accurately 
determined. IT the other place of observation is Greenwich, the 
uiparent time of conjunction, at that place b obtained by calculation : 
if not, the error of the Moon in longitude, being reduced to time, and 
»>plied to the apparent time of conjunction at Greenwich, inferred 
Irom a comparison of the longitudes of the Moon and star, will give 
die correct time of conjunction ; and hence, the required longitude it 
found as before. 

This occultation was observed at Greenwich ; the apparent time of 
immernon^ according to Dr. Maskelyne, being lOh. 48' 36", and that 
of emersion, lib. 4.V 11", From hence, the apparent time of 
ctmjunction may be correctly inferred ; and, of course, the longitude 
more accurately ascertained than as above. 



:vGoogIc 



C 259 J 

CHAP. vn. 

The Method of finding the Longitude of a Place 

BY 

The Eclipm of tk» SaUUitet of Jupiter. 

Intboddctioh. 

In Novamber 1609, Simon Marias, mathematician to the elector of 
Brandeaburgh, discovered three of the satellites of Jupiter, and in 
January 1610, he observed the fourth satellite. January Sth, 1610, 
Galileo observed three of the satellites, two upon one side of Jupiter, 
and one on the other, which he supposed to be telesco|uc stars : the 
fbUovinz evening, however, he found the satellites had changed their 
places with respect to each Other, and they appeared to him to move 
along with Jupiter ; hence, he inferred they were moons belonging 
to that planet. Soon aiter he observed the fourth satellite. In the 
be^nning of March following, he publivhed an account of the 
satellites, which he called Astresae Medicis in his Nuneius de Syderias. 
The satellites were also observed in January ] 610, by Thomas Harriot, 
an English mathematician. Galileo, however, appears to be the first 
who applied them to the discovery of the longitude ; and for this 
piupose dedicated a coosidcnble part of his life in making observations 
to form a theory of their motions. This last discovery is, however, 
daimed by P. H«rigone, in the fifth volume of his Curau Mathe- 
matici, printed at Paris in 1644. 

This method of finding the longitude is mentioned in Harrison's 
Uea LimgUudinis, printed at Ix^on in 1696, page 71, as follows : 
** As by htnar eclipses, so also by the eclipses of Jupiter's satellites, 
the difierence of the observed momenta oftheoccoltation or emersion 
of a satellite from his shadow, noted carefully in two distant places, 
will be the difference of meritUans betwixt these two places in time." 
Also by Dr. Maskelyne, in his Iiutrucliom relative Iq tlw Transit of 
Venus in l769, page 41 ; by M. Bezout, in his Cvurs des Matkima- 
tiquei,vol,vi, pna^: S47,&c.; and it is very strongly recommended by 
Mr , Person, in his ^j/rononiy, page 367. " Of ^ methods," says he, 
<* the eclipses of the sateUites of Ju[>iter are the most proper m^ans for 
finding the longitude, for tlut way requires no trouble, no intricate 
3l. 2 calculatMHu. 
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cakutations. Tbe whole business depeiKls on this, to hav« % true* 
theory t^the satellites, at least of th» m^t of them." 

Of this method of finding the longitude, the Abb^ Rochoo, 
p^e40, ofhis Opusculei Mathematiques, says, " Les 'observations 
des Eclipses des satellites de Jupiter foumissent la mMiode la plu» 
commode et la [dus universelle de determiner les longitudes sur terre. 
C'est par leur moyen, qu'on a fix£ la poudon de la plupart des 
lieuz dont on connut le mieux la longitude; d'aOleun, ces sortes 
d'observattons n'exigent aucune espece de contuussance, U suffit 
seulement d'avoir une lunette qui amplifii environ 40 fois lo ot^ets en 
diametre, et d'avoir I'heare pour le lieu oti Ton observe. 

** Comme les lunettes ordinaim qui amplifient 40 fois, doivent avoir 
ou moins 9 & 10 pieds de longueur, et que plus une lunette grosstt, 
moins elle a de champ, il n'a paa ttt possible jusqu' k present de £ure 
sur mer ces sortes d'observations, la longueur des lunettes et la 
petitesse du dbamp ayant ^k des obstacles insurmontables k cause de 
I'extrCme embarras et de la prise qu' a le vent sur des longues lunette^ 
et plus encore I'agitation perp^tuelle du vaisseau, qui fait podrc 
continuellement I'objet de vue, sans qu'on puiase le retrouver 
prompteioent*." 

The greatest incoovenience attending the practice of this niethod 
of finding the longitude of a ship at sea, is, that, in consequuice of 
the motion of the ship, the eclipes of the satellites cannot be ob- 
served with telescopes of a sufficient magnifying power. In orders 
however, to remove this desideratum, various contrivances have been 

E reposed i s»ch as the Marine Chair of Mr. Irvine, which Dr . Mas- 
elyne says he made a full trial of, in his voyage to Barhadoes, in 
1763, but ibund it totally impracticable to derive any advantage 
from the iise of it. The same method, has, since, been prc^>osed by 
M. Kratzenstein f, by M. Fyot J, &c. 

Ilie observation necessary to find the longitude of a place by this 
method is, the apparent time of an immersiDn or ^nersion of either 
of the satellites, but particularly that of the first, upon account of its 
periodic time being diorter than that of either of the other satellites ; 

■ Thcobwmliaiuof theccllpicsorJupitcr'i ntdlitet fumlsh (he noit conTotient 
uxl unifCTMl meihod of dctermininr the iongtcude on land. By their meint, Ibe 
potltiOB of moil of ihe placn irho*e loBgiiuda src bcM known ha* becD Mcertained ( 
betides, w theu kind, of ob«nraii(«t do not tc<}uirc any lort of knoirlcc^ it ii arfkitnc 
only to have a gliu which magniflea objects about 40 Umei in dajueaa^ and to hvm 
the hour at the place where the obKrvaiion ia nude. 

Ai the common gitssei, which migniftr forty Hmca, ought to be u lean o or 10 fed 
Ions, wid the more agtaUmacnlAei.tkelcnii it) field of view, it hat not been pcaulitr 
Ulhmo t« make upon MSthoaekinda of obaervaiiom, the length of the glaiMi, anitth* 
* ""'"e » of the field of tiew, baring been ituurniauniablc obuBciet, on Mcount of the 
ettmne enbanUsmenl and power which the wind hat npon long gtauei, and ttiH more 
ibepcifeuiala^taiioaoribemsel, whicbmakniuloccooniinuallrthtolaectof^ht, 
wittMVt bcinc able to Bnd it ^^. 

t Acta R«gi«U(U¥etsjtatitHafhieniit, Anno 177s. 

) NoBvalle Theorie Attronomlque, pom lerrit 1 U Dttenninaiion dc* Langitnde*, 
printedini;88.— AnidcaofthJiniachine 11 (iven in ttic Comalalt dei Jiuutt Satan, 
prtBtednPiriiialsa;. 
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and because its elliptic equation, and atina inequalities, ezccpt tint 
whose period is 437 days, are iat^uible. The tastnuoeiits propat £at 
making the above observation are, a clock or watch beating sesonds, 
an achromatic telescope oi three or four feet focal length, and a 
quadrant, or some other instrument, proper for determining the 
error of the watch. 

An immersivn of a tattltlle is, the instant of its entrance into the 
shadow of Jupiter ; and an emersion is, that of its re-appearance out 
of the shadow. 

When the time of Jupiter's passage over the meridian, as expressed 
in the Naotical Ahnanac, is less than xu. honn, the ed^psw of tlie 
satellites happen on the west side of the planet ; and whan that time 
exceeds xii. hours, these observations happen oa the west side of 
Ju{uter. In the fint case, the emcrsiiHis of the first end second 
satellites are visible; and in the latter, the irometstoas only nuy be 
observed. Both the immersion and emersion of the other twa 
satellites are generally visible, except when Jupiter is too new tiM 
opposition or conjunction. 

In order to observe an immeruon or emersion of any of the satellites, 
the observer must apply to his telescope a magni^ing power suitable 
to the state of the weather ; and adj ust it to a diatina vision, previous . 
to tlie time of observation. Hie watch must be contiguous to him, so 
that he may be able to catch the second, as soon as the observation of 
the satellite is completed. Ao assistant clock will, however, be fotmd 
more convenient. The observer is then to place himself at the 
telescope, about three or four mirages before tnee^>ected tjme of an 
eclipse of the first satellite i twice as much before that of the second or 
thinl satellites ; and a quarter of an hour before that of the fourth, the 
longitude of the place of observation being pretty well kaowa. If its 
situation is uncertain, let four times as many minutes as there are 
degrees of uncertainty, be added to the above times. If the observation 
to he made is that oi an immersion, the observer must keep his eve 
directed to the satellite till it dbappears \ but if it is an emersion, he ' 
must ke«) his sight directed to that part of the shadow irom which he 
expects the satelKte to emerge ; and in the instant of the last af^eorance 
of the satellite, if the observation is that c^ an immeimm, or that of 
its first appearance, if an emersion, mifst be wrote down, and the 
observation is cou^pleted. 

If an agronomical eye-glass is used, it must be remembered that it 
inverts greets, making that which is the right side apparently the 
left, et contra. 

The third satellite is considerably larger than any of .the rest ; the 
first is a little larger than the second, and nearly of the size of the 
fourth } and the second is a little smaller than the first and fourth, 
or the smallest of them all. 

The eclipses of Jufuter't satellites are ctree in the Kautical AiBtaac, 
in page 111. of the month. Those vismle at Grteairich are marked 

with 
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niA an asteisk. The confieuratioiu, or apparent relative posttfons 
of the latellitei, are contaioed in the last or ziith page (^ the moatb. 



To find if ax Edipse ofoiu ofJupita*s Satellitet wUl it vitiile at a 
given Place. 

RULB. 

To the uiparent time of the eclipse at Greenwich, as given in th« 
Nantical Aunanar, apply the eatimate longitude of a given place, by 
addition or lubtraction, according as it ii east or west ; hence, the 
-apparent time, nearly, by the meridian o£ the jAace, will be knowik 

Now if, at the reduced time, the altitude of Jupiter exceeds six or 
vAt degrees, and adjacent stars of the third magnitude visible to the 
nued eye, the eclipse may be observed ; but ifthe Son is above the 
. horizon, it will be uvisible. 

Example*. 



'WUl the immersion of the first satellite of Jnpiter, of January 1 9, 
1812, be visible at Easter Island ? 

Apparent time of immersion at Greenwich • ISh 97' 56" 
Longitude of Easter Island in time - - 7 19 7 W. 

Estimate time of observation • - - - 5 8 49 
This eclipse will not be visible, because at the reduced time the Sun 
is above the bxtnzoa. 



Will the emersicm of the second satellite of Jupiter of 11th May, 
1801, be visible at Achem, in latitude 5°2S'K. and longitude 
95°S4'E. 

Apparent time of emersion at Greenwich - 5k 25' 9" 
Longitude in Achem in time - - - - 6 22 16 

Apparent time of emersion at Achem - - - 1 1 47 25 

The Son is considerably under the horizon at the above time; this 
eclipse will therefore be visible, provided the altitude of -f^ter 
exceeds 7 or 8 degrees. Now, to me latitude of the place 5°2S'N. 
md JujMter's decbnation 9° S& S. the semidiurnal arch is about 5ht 
56' i the time of Jupiter's transit over the meridian of the place is 1 Oh. 
54' i hence the time of the rising of Jupiter is 4h. 58', and that of its 

settinj; 
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setting I6I1. 5y. The aldtade of the planet is, therefpre, iofficleot 

for the above obsemtion> 



To/^ the LongOttde of a Place, from an Observalion ofanlmmersjmif 
or Emersion of one of the Satellites ofJttpiter. 

Rdlb. 

To the observed time of the eclipse^ apply the error of the watch 
for apparent time, deduced &om an observation of the altitude of the 
Snm, or a fixed star, taken as near the time of the eclipse as possible. 
Hence* the apparent time of observation will be known. The 
difierence between this time, and that given in the Nautical Almanac, 
page lit. of the month, will be the longitude of the place in timej 
bemg east or west, according as the time by observatioa is later or 
earlier than the Greenwich time^ 



December 9, 1803, an immo^o of the first satellite of Jupiter 
was observed at I6h. 58' 35" per watch, irtiich was 3' 58" slow for 
apparent time. Required the longitude of the place of observati(»i i 

Time per watch of observation - - 16h 58' 35" 
Watch slow . - - - 3 58 



Apparent time of observation - - 17 2 33 
'App.timeat Greenwich, per N. Aim. 17 52 53 

Longitude in time • - - 50 20 = 1 9^ 35 

Whkh u west, because the time at the place of dwervatioo is earlier 
than the time at Greenwich. 



May IS, 1804, in latitude 31° 16' N. the emeruon of the first 
satellite of Jupiter was observed at lib. 25' 33" per watch. In order 
to find the error of the watch, the foUowinr altitudes of R^ulus were 
observed. Required ibelooptude oftbe place of observation? 
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Tm* per wttcb 1 Ih iS' SO" AUirnde Regains Id" 46' 

29 30 19 SI 

30+6 19 17 

32 2.--.-I9 
S3 3 ----- 18 46 

3 41 - - - - - 80 

Mean - - II 90 44 19 16 

Dip to 12 feet - — 3.3 

Re&»cUoa - - -^ 2.7 

Cmrected altitude I9 10 
Latitude - - - - 31" 18' - - - Secant - - - 0.06831 
Declination of Reguluft 12 A5 • • - Secant - • - 0.01U3 

Mer. zemth distance 18 23 Nat. ver. sine -05103 
Altitude Regulua -' 19 10 Nat.co-Ter.sine67168 

Difference - 62065 log. - 4.7928S 

Meridian dist.Regulus Sh O'SS" - - Rising - - 4.«7229 
Ri^ ascen. Reguus - 9 57 56 

Ri^t ascen. meridian 14 58 54 
Sun's R.A . at noon - 3 20 10 

Appimdaatt tittte - 1 1 38 44 
B5.Tab.xTiii.to0*s"j 

R.A. ft time «f a 

at Greenwich 
Apparent time - - 11 S6 30 
Xune per watch' - - 1 1 30 44 

Watch slow - - - J 46 

Time per watch of em. 11 s5 33 

Apparent time - - 11 31 19 
Apf. tsne at Oreemr. 19 40 IS 

Loaptude in time - 2 8 66 as 32" if W. 

m. 

January S, 1804, in latitude 39° 35'S. the immersion of the first 
satellite of Ju[»ter was observed at 15h. 42* IS' per watch) and, 
previous thereto, the foQoivhig altitudes of Canopus were observed, 
the height of the eye bang 8 ibet. Required the correct longitude? 
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Tiioe per watch lihSB'SO" Altitude 58*44' 

U £8 4 - - ■> - 33 

U £9 36 19 

IS I 15 .4 

35 4S 100 

Mean ~ - - 14 5S 56 - - . - 53 2fi 

Dip — S.7 

Beftaction - - - — .7 

Altitucfetcoirected • 5S S1.6 
True altitude - - 53'>21'.6 

PoUr distance - - -37 24.4 - - Co-secant - - 0.21648 
Latitude - - - - 39 35 - - Secant - - O.IISIS 

Sum 180 21.0 

Half 65 10.5 - - Co-une - - 9.62S09 

Difference - - - - 11 48.9 - - Sin* .- - 9.81128 



Arch ----- 26 22^. 
Multiply by - - - S 

Itler. distance Canopos 3 22 58 
Right ascend Canopns 6 19 37 



Rightascensionmerid. 9 42 35 
0's R. A. at Green, i 
attimeofimmer. j^® ^^ ^** 



Apparent time - 14 50 25 
Time per watch - 14 58 5^ 



Watch fast - - -. 8 21 

Observed time (^ im. 15 42 18 



App. time of immer. 15 33 57 
App timep.N.Alm. It 16 t 

Longitude in time - 3 15 5S~48*59'E. 

Because the time at the place is lata- than the Greenwich timt. 

There are now added to the Nautical Ahnanac, bj way of appen- 
£x, since the year 1 800 inclusive, tables containing the ecUpset aNbe 
satellites of Jupiter, exiHessed in mean thne, calculated from the 
taUes of M* de Lambrt, inserted in tht taUei anstxtd to the first 
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volume of the third edition of M. de la Lande's Astronomy. And 
since these tables are dr superior to any of the former, agreeing with 
the observations in a mumer truly surprising *, it, therefore, becomes 
necessary to use them. For this puipose, the apparent time of 
observation must be reduced to mean time, by applying thereto the 
equation of time, &om the Nautical Almanac, according to its title. 

Thus, in the preceding «iample, 
The apparent time of immersioQ was - l5h 33' 57^ 
Equation (^ time - - - r + 4 16 

Mean time of immCTsion - - ' 15 36 13 
Mean time of iinm. per M. de Lambre's tab. 12 22 36 



Longitude in time - . - - S 15 37= t8° S*;"!!. 

When it is required to settle the longitude of a place, as accurately 
as possible, by ttus method, several immersions and emersions of the 
same satellites ttiust be observed. The mean longitude, aa fpvea 
by the immersions, b to be found, and also that deduced horn the 
emersions. The mean of these will be the lon^tude of the place, 
unaffected by the errors arising from the telescope; and b, therefore, 
more tojbe depended on, than that deduced from a single observation. 
If the comparison be made with corresponding observations taken at 
another place, the difference of the meridians of those places will be 
accurately found. 

* M. dc I* Laiiik'* TiblWi pige laa 
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DeTERMI NATION 

Of the Longitude of the late Observatory at Aberdeen, by Observa- 
tions of the Eclipses of the Satellites of Jupiter. 

These observations were made with 
achrpmatic telescopes ; and different m 

according to the state of the atmosphere. The time per dock of obser- 
vation was reduced to apparent time, and compared with the Nautical 
.Ahnanac. Upon this account it is thought proper to subjoin only the 
results, as given by the observations of tne first and second satellites. 



of DoUond's four feet 
' ig powers were used 



First Satellite. 


Second Satellite. | 




Month and 


l«^.h, 




Momb .Gd 


U,.,l,ad.b, 1 


Yeat, 


D.7. 


Imm. 


ErK[. 


Yw. 


D.,. 


Iram. 


SZ 


1786 


(J Jan. S 




7 — Tf 
8 21 


1786 


J Sept. IB 


8 19 






V— 19 
9 S«pt. 18 




8 9 




gtio,. 7 
bDec. 2 


9 43 






8 36 








8 11 




— 20 


8 59 




1787 


H Jan. 3 




9 29 




:J(Dm. 7 




7 47 




Feb. 4 




9 2 




V — li 




7 23 




^ March 8 




9 9 




h — SO 




8 9 




9 Dec. 21 




7 86 


1787 


S Jan. 8 




8 32 




9 Dec. 21 
9 Jan. * 




7 26 




S — IS 
J — 22 




8 25 


1788 




8 26 






8 11 




gMay 11 




8 52 




9—31 




8 28 


1789 


^Jan. 22 
»Dec 9 




T 21 




9. Feb. 23 




8 25 




B49 






^ Oct. 25 


9 13 
















e Dec 26 




8 53 


Snin . . 164 


13 




9 - 28 




8 23 


Mean . - 8 54.6 


6 2S.6 


1788 


9 Jan. 4 




7 51 




8 54.6 




0-27 
©Dec 14 




7 43 






9 30 


78.2 




0—21 


9 5 




Mean longitude-} „ ,. , 
by Sec! Sat. > "«•' 


1789 


JlJan, 22 




8 37 


1791 


3 March 1 


9 20 




Mean br Fist Sat. 8 41.1 






8 45 






'V «l«i* V 






Sum - - 


43 


242 


Long, of tne Observatory o »v.i 


Mean - 


9 7.1 


8 15 1 

9 7.1 




Sum - . . - 


7 22.2 
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CHAP. vin. 

The Method qf^ndirtg the Longitude of a Ship at Sea, 

BT 

A Chvtumuterf or Time-Ke^w. 

JtmoDVCTtOil. 

W E ar« indebted to (jMmta Friiius for the discoreryof this cetebnt' 
td method of £ndine the longitude of places. It is also mendoaed 
by Adrian Melius, Siundevil, and others. This method is very particu- 
larly described Bi Carpenter' t Geography, -pntited at Ozibrdin 163S, 
bode I. page '2*2 ; and Peter Martyr prefers it to all other methods 
then known. The recommendations of this method are, simplicity 
of principle, and the duirtnessof the necessary calculations; and were 
it possible to obtain a watch> at a moderate price, that would keep an 
cniform rate in every different position and cLimate, it is more thaa 
proinblct that no cttfaer method, for this purpose, would ever be 
practised at sea. 

In the year 1662, Irf>rd Kincardine, and Dr. Hook made several 
triah of a pendulum clock* at sea: the clock was loaded with lead; 
and suspended near the center of gravity of the ship, the pradulum - 
vibrated half seconds ; and these trials afforded a probability <^ 
success. 

About the year 166+,Mr.?/aygCTiJ applied himself very diligently to 
the iinciroveniem of time-keepers. Tn.his paper on this subject in the 
Phil.Tran. No. 47, he recommends.Xwo watches, so that in case the 
one should meet with any accident, the other may be still safe. He 
then shows how carefiitly the watches should be kept ; the manner 
of setting them to mean solar time under a given meridian, and of 
finding their daily rate; and the. difference of longitude between the 
rfiip and the place to which the watches were regulated. Lastly, he 
gives a specimen of their utility in Major Hohn^' Voyage to the island ' 
of St. Thomas- 

■ Ttiitthe ■pplieation of the pradulam to ■ cloct, it (he invention of Mr. Haygtm, H 
my probtbiei but the bslucc iprinx of s vrstch vru inTented bj Dr. Hook in tbc jcu 
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Ten ftaxs tfier the pubUcation of the reward offered by the British 
ParlLunent for the discovery of the longitude at sea, namely, in 1724, 
Mr. Henry Sully, a celebrated English artist, having settled in France, 
^plied himself to the impiovement of watches for this express ptirpose. 
But he died at Bourdeaux while he was engaged in making experi- 
ments on his time-keeper. It appears the government of France was 
interested in the success of Sully, and enabled him to prosecute his 
labours, " I remember," says he, " with the hiehest gratitude, that I 
have already received distinguished marks of the ropl favotir ; the 
protection of the first prince of the blood } the eood-will of the prince 
who has the administration of afikirs; and of the ministers of the 
court of France. These have also been seconded by the generous 
offices of many eminent persons of this court "-" 

The next who prosecuted this branch in France were M- Julien le 
Roy and Son, and M. Berthoud. And the first of these ingenious 
persons had made very considerable advances towards the improve- 
ment of time-keepen. An instrument constructed by him was placed 
intfaeRoyalObservatoryat Paris, of which M.Cassini deThury gives 
the following account ; " From the month of December, 1 763, until 
July, 1 764, it hath not varied one second upon the revolution of the 
fixed stars. During four months, and in the time of the greatest heat, 
when Reamur's thermometer f was as high as 3o", its greatest variation, 
was never found more than one second, and it is doubtful whether or 
not that difference ought to be attributed to observation. And since 
Che year l748, it hath notdiffered more than three seconds." 

M, le Roy, jun. engaged early in the improvement of watches. 'In 
the History of the Academy of Sciences for the year 1 748, an account 
ii given of xnew escapement presented by him to that Academy; and 
on the 18th of December 1754,hepresemedapaper to the secretary of 
the Academy, containing a description of a new tinte-kecpe^ proper to be 
ufed at sea. 

About the middle of the year 1763, M. le Roy presented to the 
Academy a time-keeper three feet in length J, and the year follon-ing 
hemade another time-keeper half the length of the former, which, by 
order of the Academy.was tried for near a year by M le Monnier. In 
the year 1766, he presented a third to the King of France. This was 
nispendedinaboxafootsquare, and eight inches high. M. le Monnier 
detemitned the rate of this instrument, by observations of the fixed 
Stars, during the space of three months; from whom it was transferred 
toM.Cassiniforfarther examination; who placed it beside the instru- 
ment mentioned above, and at the same time observing, that the son 
will le judged by iiisjather. 

■ IHtMititlaii lur I> NH[ar« do Tenutives, pour U Decoucenc dt la tonjitude lur 

t Inihii tbenniKiKtnthelieeiinspoiiicii*tO°, indibeboiHng-poiaCM so' 
: Ei(K»£ luccLat do TMvuu de M. M. Htnium ct le Ror- 
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This machine gave so much satisfaction to these astronomers, parti- 
cularly to M. Cassini, that he desired him not to give another for trialf 
as it could not be more perfect. 

Agreeable to the order of the Academy of Sciences, M.le Roy em- 
barked with two marine watches, on board the French frigate Aurtwa, 
at Havre de Grace, on the 20th of May, 1 767, accompanied with die 
Marquis dc Courtenvaut, M. Messier, and the Abbe Pingr6, and on 
the 28th of the same month sailed for Calais, where they arrived next 
day. FrtMn thence they proceeded for Amsterdam, and in their way 
touched at Dunkiric, and Rotterdam, having experienced several very 
severe gales of wind. The ship sailed from Amsterdam S3d July, and 
arrived at Havre the 28th August. During the voyage, the watches 
were found to go very well, particularly the second, an accident having 
happened to the first ; and to have given the longitudes of the severd 
places they stopped at with great exactness: in a period of 46 days, 
including the time of their passage from Amsterdam to Havre, tha 
first watch had g^ed 38", being nearly equal to 3 leagues under the 
equator; and the second had varied only 7j"of time* or about jfd 3 
league. 

M. Berthoud constructed timekeepers, two of which underwent a 
trial, of upwards of a year, on board the French fri^te Isu: the 
cranmander of the frigate, 3f. d'Eveuxde P/^urteu, andM.Pingr^, of 
the Academy of Sciences, had the charge of these instruments. Du- 
ring this trial, one of the time-keepers gave the longitude within one 
thinl of a degree, in a period of 45 daysj and in other periods of the 
same length, the longitude was obtained within a fourth and a sixth of 
a degree } md the error, in any of these periods, never exceeded half a 
degree. The other time-keeper, during the first six months of the trial, 
was found to go equally as well as the first. In consequence <tf the 
abilities of this artist, he was appointed watch-maker to die King, and 
to the Marine, with a pension of 3000 livres. 

[n England, Mr John Harrison applied himself with inde&dgable 
industry to the improvement of time-keepers ; and his success there* 
in justly merited the attention of the puUit. In the year 17S6, he 
made a pendulum clock, which kept time so exactly as not to err one 
second in a month during a period of ten years. In 1 735, Mr. Haniien 
received a certificate, sigiied by Dr. Halley, Dr. Smiifi, Dr. Biadiey, 
Mr. Machin,3jid Mr. Graham, stating, that the principles of his m^ 
chine for measuring time promised a very great and sufficient degree of 
exactness. In the year 17S6, he made trial of his first orachine m s 
voyage to Lisbon, and found it to answer his expectation. In hii 
return to England, he corrected the dead reckoning about a degree 
and a half. The following year, the Board of Longitude was [de^ed 
to give him a gratuity, and desired him to prosecute his discoveries. 
In 1 739, Mr, Harrison, by order of the Commissioners of Long^tsdej 
completed a second machine more perfect than the first ; utd the 
result of the experiments made upoa it was| that the motioii (tf the 
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machine vas suffidently regular and exact &r finding the longitude 
of a ^p) within the nearest limits proposed by Parliament, and 
probably much nearer. 

Being thus encouraged] Mr. Harriscn engaged in a tUrd, and 
more correct time-keeper, which was in such a state of fcnrwardness, 
that in January 1741, twelve of the principal members of th« 
Royal Society made the following r^wrt :— 

** "We, whose names are imderwiitter, are of opinion, that these 
machines, even in their present degree of exactness, will be of great 
and excellent use, as well for determining the lonptude at sea, as 
for correcting the charts of the coasts. And as every step towards 
further exactness, and security, in a matter of such importance to 
the public, is greatly to be valued, we do recommend Mr. Harrison 
to the favour of the commissioners appointed by the act of Parlia- 
ment, as a person highly deserving of such further encouragement 
and assistance, as they slull judge proper and sufficient, to finish his 
third machine-" — ^This certificate was signed by Mr. Folks, the 
m-esident of the Royal Society, Lord Macclesfield, Dr. Smith, Dr, 
Bradley, Prof. Colson, Mr. George Graham, Dr. Halley, Mr. Wil. 
ham Janet, Dr. Jurin, Lord Charles Cavendish, Mr. de Motvre, and 
Mr. John Hadiey, and delivered to the Conmiissioners of Xxmgitude, 
16th January, 1742. 

In 1749, Mr. Harrison was honoured, by the Royal Society, with 
the gold medal, which is given annually for the most important or 
ingenious discoveries. 

In 1758, Mr. Harrison finished his third tiroe-prece, and at the 
same time he was nnployed in a fourth ; but being fiilly persnaded 
^lat his third was sufficiently exact to entitle him to the highest 
reward, he applied to the Commissioners of Longitude, for ordos to 
make a trial of that instrument, to some port m the West Indies, 
as directed by the act. Mr. Harrison accordingly received orders^ 
dated 12th March l76lj for his son to proceed to Portsmouth, with 
his third instrument, and join the Dorsetshire, for Jamaica ; but 
that ship being, ordered on another service, Mr. Harrison jun. having 
ivmained at Portsmouth six months, returned to I«ndon. 

Afr. Hanison having completed the exanuoation of his clmnioaie- 
tcr, <»ithe 3d of October, 1761, again requested the Commissioners 
c^Jxmgitade, that bis son might be sent with it to Jamaica, in the 
same stupwith Governor Lyttleton ; and that every reqmsite precau- 
tion might be taken i<x making the necessary observations, &c. with' 
accuracy, both in going out, md in the return home, so that there 
might be a sufficient proof of the exactness of the instrument for the 
purpose required by act of Parliament. 

October 14, 1761, Mr. Hanison received the fbUfiwing instruct 
tioos from die Adowalty :— 

Thit 
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" That the watch be sent in charge of Mr. HanisMi's son to Ports- 
mouth ; and that be proceed with it from thence in the Deptfivd, to 
Jamaica, 

That in addition to the lock now upon the case of the watch, (and 
of which Mr. Harrison's son is to keep the key,) there be three other 
locks, of different wards, affixed to the case; ihe key of one of which 
should be in the possession of Governor Lyttleton, (who is goii^ in 
the Deptford to Junaica ;) the key of another, in the possession ofthe 
captain of the Deptford ; and the key of the third, to be kept by the 
£rst lieutenant of that ship. 

That Mr. Robertson, master of the Royal Academy at Portsmouth^, 
should be appointed to find the true time at that place, and to see the 
watch set to that time, and send exact information of the same to 
the lords of the Admiralty. 

That observations of equal altitudes should be taken by the said 
Mr. Robertson ; that the times of taking them should be marked 
down agreeable to the times shown by the watch ; then sealed up, and 
sent to the Igrds of the Admiralty. All these matters to be done by 
Mr. Robertson, before commissioner Hughes, the captain ofthe Dept- 
ford, and Mr. Harrison's son, and they to attest the sealed accounts, 
which Mr. Robertson is to send to the lords ofthe Admiralty. 

ThatMr.JohnRobisoD,a person recommended by Admiral KnowIeSf 
as well skilled in mathematics, and particularly astronomy, be sent 
In the Deptford to Jamaica ; who is to find the true time immedbtiy 
ly upon the ship's arrival there, and note the same down before Go- 
vernor Lyttleton, the captain, and first lieutenant of the Deptfbrdj 
and Mr. Harrison's son, who are to attest the same ; and also, to note 
down the time given by the watch, immediately upon the ship's 
arrival, before the same persons, and to be attested by them ; both 
which limes so attested, are to be sealed up and sent to. the Iwds of. 
the Admiralty. 

And Rear-admiral Holmes is to be directed, when the observations^ . 
made as af(M%said, to order Mr. Harrison, and Mr. Robison, a passage 
home in the first ship that sails for England, repeating the observa- 
tions for finding the true time, &c. in the same manner, before the- 
ship comes avray." In consequence of these directions> the watch 
was sent by Mr. William Harrison to Portsmouth, and from thaice«. 
in the Deptford, to Jamaica. 

Additional locks and keys were provided, and placed on the case 
in which the watch was kept, and the keys ddivered to Goveraor 
Lyttleton, and to the capbun and lientenant ofthe Deptfbrd- 

Mr. Robertson, master of the Royal Academy at Portsmouth, 
ascertained the error and rate of the time-keeper. Its error on 
November 6, at noon, was S* 57" fast; on the 7th, it was put back 
S' ; its error, therefore, reduced to the 6th> at ncKm, was S* slow* 

and 
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and it was found to have lost 24" ia 9 days, or 8" in S dxp, on 
mean solar time. 

These things were done in the presence of Conunis^tMier Hnghcf* 
Captain Diggs of the Deptfbrd, and Mr- Harrison's son ; and they 
attested the sealed accounts, which Mr. Roberts<» sent to the 
Admiralty. 

' Mr. Harrison sailed from Portsmouth in the Deptford, November 
18, 176!, and arrived at Madeira, JDetrember 9, following. During 
the couiw of this part of the voyage, the time-keeper was found ox 
great utility, having corrected the longitude by account about a de- 
gree and a half. In the passage &om Madeira to Januica, the longi- 
tude by account was found to difier &om that given b^ the time-keeper 
above 3°; and the longitudes of the several islands, by which the ship 
passed, agreed vith the same as given by the timekeeper. The 
Deptford arrived at Jamaica, January 19, 1762; and by equal alti* 
tudcs, observed at Port Royal, the 26th of the same month, the time 
of mean noon, by the time-keeper, was found to be th, 59' 7" .5 ; to 
which S", it* error, November 6, at noon, and rate S' 36* ^, 

( = — ^ — 1 J being applied, gives Sh. 2' 47", the mean time, at 

Portsmouth, of noon at Port Royal, and whi::h is, therefore, the dif- 
ference of longitude of Portsmouth and Port Royal in time, according 
to the time-keeper; but the difference of longitude in time between 
the same two places, deduced from the transit of Mercury observed at 
Kingston, and reduced thereto, is 5h. 2' 51"; the difference of which 
from the former is only 4" of time, which in the parallel of Jamaica 
is less than one nautical mile. 

On January 28, 1763, Mr, Harrison sailed from Jamaica In the 
Merlin ; and some time ^ter met with a violent storm, which obliged 
him to remove the time-keeper to another place, where it was more 
exposed that before. The Merlin arrived at Portsmouth, March 26, 
and by equal altitudes, observed April S, the time of mean noon was 
Hh. 51' 31" .5} to which its former error, 3", and the accumulated 

rate during the interval, 6' 32" (^ = 8* x 40 j being 

applied, gives I ih. 58' 6" .5, the time of noon. Hence, from No- 
vember^ 1761, to April 2> 1762, during which period the time- 
keeper had passed through a variety of climates, and undergone 
violent agitations at sea, its errcv was no more than l' 53" .5, or 28| 
minutes of longitude in time, which, in the parallel of Portsmouth* 
doesnot amount to IS nauticd miles. , 

Several objections vrere made to this trial ; however, in considera- 
tion of the accuracy of the time-keeper in the above voyage, Mr. 
Harrison recnved 5000/, and was ordered to make a second trial, in 
a voyage to Barbadocs. On August 17, 1762, the Board of I^ongi- 
tude proposed to Mr. Harrison, to send his time-keeper to the Royal 
Observatory at Greenwich, in order that tome observation) might be 
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made at that place, for the trial of it, by Mr. Bliss, Astronomer Rdya^ 
previous to its being sent to the West Indies', he consented theretoy 
as soon as it shall have undergone some alterations, which, be thinks, 
will bring it to greater perfection, the doing of which would probably 
take up four or iive months : and Mr. Bliss was desired to make the 
necessary observations, for the trial of the time-keeper, as soon as it 
should be, sent to him. This, however, when proposed again by the 
Board, August 4, 1 763, to Mr. Harrison jun. his father not beitig 
present, he said, that he did object to it, as )i« does not choose 
to part with it out of his own handi, till he shall have reaped some 
advantage from it. It was then proposed to Mr. Harrison, that he 
should send the rate of going of bis time>keeper, immediately before 
he sails on his intended voyage, sealed up, to the secretary of the 
Admiralty, and abide thereby upon its trial; to which he consented. 
The following is a copy of Mr. Harrison's declaration, dated at 
Portsmouth, March 26, 176+. 

" In obedience to your instructions, dated August 9, 1763, 1 hum- 
Uy certify that I do expect the rate of going of me time-keeper will 
be as followeth, viz. 

When the thermometer is at i2% it will gain 3" in every 24 hour). 

- - - 52", it will gain 2" in every 24 hours. 

62", it will gain l" in every 94 hours. 

- ^ * tZ', it wilt neither gain nor lose. 

- - - 82", it will lose l"in every 24 hours. 
Since iriy last vdyage, we have made some improvement in the 

time-keeper; ifl consequence of which, the provision to counter- 
balance the effects of heat and cold has been made a.new; and for the 
Ivant of a little more tlm^, «e could not get it quite adjusted, for 
which reason the above allowances are necessary. This it its present 
state ; and as the inequalities are so small, I will abide by the rate of 
of its gaining, on a mean, one second a day for the voyage." 

Upon the 1 3th of February 1 764, the time-keeper was compared 
with Mr. Short's Regulator, in Surry-Street, whose errot had been 
accuratdy ascertained with an exceUent transit instrument ; and Mr. 
Harrison jun. proceeded immediately on board his Majesty's ship 
'f'artar, Sir John Lindsay commander, lying at Long Reach. The 
vessel sailed for Portsmouth, and remained there some time. During 
the stay at Portsmouth, the time-keeper was compared with the astro- 
nomical clock, set up in atemporary observatory, to which Mr. James 
Bradley had been appointed, for the above purpose; and also, to 
observe the eclipses of the satellites of Jupiter, particularly the first, to 
be compared with corresponding observations of the same satellite, lo 
be made by Messrs. MaskeLyne and Oreen, at Barbadoes.to ascertain the 
difference of longitude between these places j and which, upon a com- 
parison of their observations, they found to be Sh. 54' 20" in time. 

March 28, 1764, Mr. Harrison sailed from Portsmouth, in the 
T;j-'ar, having previously ascertained tlie error of the time-keeper,from 

obser- 
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«bsemtions of equal altitudes of the Sun, taken at Porttmouth, 
between the 29th of February and the 26th of March. April 1 Sth, 
at 4 P.M. Mr. Harrison, from Observations of the Sun, found the 
mean time at the ship, which, compared with that by the time-keeper, 
allowance being made for its rate and error, gave the difference of 
longitude between the ship and I'ortsmouth ; from whence he inferred, 
that^the ship was 43 miles to the eastward of Porto Sancto: Sir John 
Lindsay then steered the direct course for it, and next morning, at 
one o'clock, saw the island, which exactly agreed with the distance 
mentioned above. Mr. Harrison arrived at Barbadoes the iSth^of 
May; and upon the four following days, the time-keeper was com- 
pared with the clock at the Observatory near Uridgetown, and its 
error ascertained by equal altitudes of the Sun, observed by Messrs. 
Masketyne and Green. The difference of longitude between Ports- 
mouth and Barbadoes, as given by the time-keeper, was 3h. 55' 3"; 
and that by astronomical observations being 3h. 5*' 20", the error of 
the time-keeper was, therefore, only 43'' (rf time ^ lOJ' of a degree. 
Mr. Harrison sailed from Barbadoes June 4th, in the New Elizabeth, 
Mr. Robert Manly commander. In the afternoon ef July 1 8th, he 
was landed at Surry-ctairs ; and the time-keeper being compared with ' 
Mr. Short's regulator, whose error was that day d^ermined by the 
Sun's transit, it was found to have trained only 5V in ) 5G davs, the 
interval of time between its Leaying London and its return thither* 
allowing the time-keeper to have gained one second a day, being the 
rate by which Mr. Harrison declared he would abide, previous to his 
departure &om Fsrtsmouth. If, however, allowance be made for the 
variation of the thennometfj:, as.ttated by hiu before his departure, it 
will be found to have lost only 1 3". In consequence of which, the 
Board of Longitude unanimously agreed, that Mr. Harrison's time- 
keeper had given the ship's longitude, i^ these triab, within the limits 
prescribed by act of Parliament ; and, therefore, uppn discovering the 
principles upon which his tirae-k^per was constructed, he was pro- 
jjuised a pan of the reward. 

The above infitmment*, togetherwith its explanation, were delivered 
ito the Board of Longitude, which being examined by a committee 
appointed /or ihat purpose, the following report was made:— T/mi/ 
Mr, Harrison has taken his lime-keeper topieces in presence of us, and 
explained the principles and construction tkereof, and every thing rela- 
tive thereto, to our entire saliifaclion ; and that ht also did, to our 
satisfaction, answer every question proposed by us, or any of us, rela- 
tive thereto j and that we have compared the drawings of the same with 
the parts, and do find that they perfectly correfpond. He was then 
ordered 500o/. ; and was promised the remainder of the reward, a| 
soon as it wasfbundthata proper time-keeper, constructed on the sam^ 
jKinciples by another person, was found to answer equally well , 

** The sathor had [be plouoie of Mcing Haniacia's macMrKs, U (he Royil ObMmtp^. 
id IlKjear >7JI(I- 
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tn the mean time, hovrerer, the Board of Longitude, at thetr 
meeting, April 26, 1766, resolved, that Mr. Harrison's watch 
should be tried at the Royal Observatory, under the inspection of 
Dr. Maskelyne. This instrument was accordinijly delivered by 
Philip Stephens, Esq secretary to the Adniirahy, to Dr. Mukelyne, 
5th May, 1766; and from a comparison of its rate in six periods 
<^ six weelcs each, terminatiDe March 4, 17(>7, the watch being in an 
horizontal position, with its face upwards, he says, " that Mr. Har- 
rison's watch cannot be depended upon to teep the longitude within 
a degree in a West India voyage of six weeks ; nor to keep the 
longitude within half a degree for more than a fbrtnipht, and then it 
must be kept in a place where the thermometer is always some 
degrees ^>ove freezing t that, in case the cold amounts to freezing, 
the watch cannot be depended upon to keep the longitude within 
half a degree ibr more than a few dzys; and perhaps not so long, if 
the cold be very intense ; nevertheless, that it is a useful and 
valuable invention, and, in conjunction with the obserrations of the 
distance of the Moon from the Sun and hxcd star^, may be of con- 
siderable' advantage to navigation." 

The Board of Longitude ordered Mr. Kendal, one of the committee, 
to construct a time-keeper upon the same principles This instrument 
was committed to the care of Mr. Wales, in his voyage round the 
worid with Captain Cook, in the years 1772, 1773, &c. and it« 
success was such, that in 1774, the House of Commons, to wh<Hn an 
appeal had been made, ordered Mr. Harrison the rtmaining part of the 
reward offered by Parliament. I ndeed, from the East India C<Kiq>any 
and others, including also tlie parliamentary reward, he has received 
upwards of 24,000/. 

Of late, several improvements have been made in chronometer? I 
particularly that of a new balance spring, and an improved thei^o> 
meter piece, or a compensation for the ejects Af heat and cold in the 
balance, by Mr. John Arnold, for which he claimed one of the new 
rewards offered for improvements in discovering the longitude. In 
1780, he pubhshed an account of the going of apocket chronometer, 
kept at the Royal Observatory, in which he observes, that its greatest 
error in the period of thirteen months, during which time it was under 
trial at the Royal Observatory, was O' S2''.2, which, in the Channel, 
would amount to about 25 geographical miles; and that, during the 
last eight months of trial, the extreme difference did not amount to 
one minute of time, or about 10 miles in the Channel. That during 
the whole period of thirteen months, there were only four days in 
iriiichthe daily differetu:e amounted to three. seconds per day; so that 
this machine, m its present improved state, is well adapted to show the 
effect of currents, and to determine with great exactness the run of a 
ship, £n}m day to day. He concludes by observing, that the chrono- 
meter is better adapted for determining the rdative longitude of placet, 
by a comparistm with the longitude of those which have been deter- 
mined by aseries of astronomjolobservatioos on shore, than any other 

method 
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Meduxl which can be practised u sea*. Mr. Arnold received a reward, 
of 1300/. from the Board of Longitude. Upon December 26, 1805, 
Mr. Arnold jimior received t£e sum of IGlSl. which, together 
with the monies received by his late father, malce the full sum of 
SOOO/. voted by the Board of Longitude, as a reward for the excel- 
lence of the principle and the performance of his time-pieces. 

Mr. Thomas Mudfre has also obtained a part of the parliamentary 
reward for time-keepers, although they underwent no other trial than 
xt the Royal Observatory. His first time-keeper was trietf there 
between the 1+th December 1774, and l3th March 1 775, when it wa» 
found stopped, owing to the breaking of the main spring. - llie watch 
was taken away to be repaired, and brought back to the Royal Obser- 
vatory November U, 1776. AtaBoardheld March 1, 1777, Dr. 
Maskelyne made a report of the going of the watch, from November 
11, 1776, until Febniary 28, 1777, a period of 109 days, during^ 
which time it had gained only I' 19". In consequence of^the above 
favourable report, and the Board being informed that Mr. Mudge had 
an intention of making two more, in order to obtain the greatest per- 
fection, provided he cduld ha.ve assistance to do so, and to indemnify 
him, in case he should not obtain the great reward promised by act 
of Parliament, agreed to ^ve him 500^ for this purpose. 

Mr. Muds«, in consequence, made two time-keepers, which were 
tried at the Royal Obs^vatoiy, three several times, in 1779, l783, 

■ In Ibe ntontfa of July, i;8l, ■ chronoineUr of Amolri'i comtruction, belongingta 
hit gncetbcdukc of Goidon, mu put under Ihe cire of rtic Author, in outer to wcertaiii 
in nteon mmi inlir lime ; in iloing whicb, Ihe grntot cue inuginmble wu uken. It 
tmalwaji eiini[nrEd u noon iriih the Ubsermtory clock, whoKcrroi wai generally de- 
tetmiDed bytnniitiof the Sun, wbich were oBterveri with one of Ranuden's Trsnjil 
I^lnnncnU; and which, prcnoiu to every obsErvalion. wulevclledandidjustedto iha 
meridian mark on the Qnmpian Hitl), about luooo feet diitant from Ihe Obiervatoiy. 
The mark ii «ecn dgainallheikr, and ha> adrculir perforation in its top.ofiuidia lize, 
■ thai Ihe middle wire of the trariiit initrumcnt coven about a thirdj and, tbercfoie, a 
■egroeni of light ii teen oo ei^h lide. 

The obceivatiani began onlhelsihoT July, and were continned regulaijy for •even! 
monthi, during wbich time il wai tried in every difierenl (loaittan. In what follows, it> ~ 
rate, while in a horizontal position only, ii given, 

Dlily rate. Tbenn. No. ofday*. Daily rate. Therm. No. of day*. 
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The rate of the chroeomeier wat ucertained when the hours zit. itr. *t. and ti. and 
the bottom vreie uppermost iDcccHively. Its jtrcateit loxupon mcaniolai limeans when 
the houriii.wu uppermost, and the greatest gain when the hour vi. ma uppennos^ 
the difTercnce between these two OKrrmcs amounting to upwaida of One miaule. 

The priee of this iiutrument is SO guineas II it in Ihe thim of an octagon, the radioi ot 
tbecircunucribingcircle il 3.4* inches, and in depth isa.S incbei — tbecaacismabogauy; 
it bu a bow handle foi lilting it, and the whole is put into a mahogany box, lo.l IdcImb 
K]aare, 11.4^ inches deep, having iu inside lined widi loft eUsiic fnbsiance*, to (Mcveiu the 
•ffiwuofiudden shocks. Theu chTOOomeiera beat baUsecondt. 

The aboTC-meotioned Obaenaiory wa* taken down a few youi tgo, in eooKqnencc ot 
ibecrtwndnpDn which it stood beingwanicdby gotnnmcDtfor theiueof the bamcka 
M Aberdeen, then newly bnilij and the intiiuments wen rcawved to a lOom in the top 
•f Matiteha] Collecc, elected to leccivt them. 
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jmd 1789. On June 4, 1790, the Board of Longitude detennined, 
tinanimously, that as Mr. Mudge's time-keepers had not gone, upon the 
late twelve months trial, with the exaaness required by the act of 
ParUament, the Board were not authorised to order further trial of 
them. On June 11, 1791, Mr. Mudge, in a memorial presented to 
the Board of Longitude, solicited a reward frooi them, on the ground 
of his time-tceepcrs being superior to any thathaveboen hitherto invent- 
ed, and being constructed upon such principles as will render them 
permanently useful, and upon condition of maldng a discovery of these 
principles, his son, the father not being present, asked '20001. 
The Board did not choose, in this case, to exercise the discretionary 
power intrusted to them by act of Parliament ; namely, that of giving 
a less reward than any of the great rewards to any person who had 
made a less degree of improvement than was required by the act. 

Mr. Mudge now finding his views frustrated with respect to obtain- 
ing a reward from the Board of Ix>ngitude for his time-keepers, ai^lied 
to Parliament, lliis produced a letter from the president of the Royal 
Society, dated March 27, 1793, in which it is obser\'ed, that, " should 
the House grant a sum to Mr. Mudge,, which will make hb reward 
greater than that Mr. Arnold has received, they will manifestly reward 
the inferior, and discourage the superior artist; fur no evidence has be«i 
brotight forward to invalidate the fact of Mr. Arnold's time-keepen 
going better than Mr. Mudge's." However, in June 1793, ^. Mudgp 
received 1500^. from I'arliament. 

In 1 7 y2, Mr Mudge jtinior published a pamphlet entitled A Narra- 
tive of facts, &fe. in which it is asserted, that his father's time-keepers 
did not meet with good treatment while under trial at the Royal 
Observatory, and that an improper method was employed to find their 
daily rate. These, Dr. Maskelyne has refuted in his Answer, iffc. to 
that pamphlet, published the same year; and Mr. Hellins, in his letter 
to Baron Maseres, dated September 25, 1 792, shows that every manner 
of attention was paid to his time-keepers while he was assistant ^t 
the Royal Obseirvatory. 

Many other persons in Britain, as Messrs. Eamihaw, Emery, 
Brooksbank, Comiies^ i^c. have constructed time-keepers, eack artist 
introducing some improvement or alteration upon the preceding; so 
that it is to be hoped time-keepers will be brought to a much greater 
degree of perfection than hitherto, and afibrded at a cheaper rate. 

The utility of a timekeeper at sea is fiilly exemplified in the 
. quarto edition of Cook's last Voyage, vol. i. page 46, vol. iii. pages 
821, 479, to which the reader is referred. 

A time-keeper is certainly a most valuable appendage to aset of nau- 
tical instruments; if for no other piu-pose than that of connecting 
observations taken at different times; but like every other movement, 
k liable to be put out of order; and, therefore, astronomical observa- 
tions are evidently to be preferred. Upon this subject Dr. Maskelyne 
observes as follows: " But I should prefer correspondent observations 
of an eclipse of a bright filed star by the Moon, made by two astro- 

tUHDerg« 



D,g,t,z.ctvG00gIC 



[ 279 ] 

iKMners, fiirnished with proper instruments, at places not rery remote 
&om each other ; and q number of correspondent observations of the 
transit of the Moon over the meridian, compared with those of fixed 
stars, made by two astronomers at two remote places, to any time- 
keeper whatever, for determining the relative situation of the two 
places*." 

In order to find the longitude at sea by means of a chronometer, its 
daily rate on mean soLu", or sidereal, time, must be established by 
observations made at some particular place, and its error ascertained, 
for the meridian of that, or of any other known place. 

An observatory is the most proper and convenient place for this pur- 
pose, as there the rate and error may be both determined, with the 
utmost accuracy, by equal altitudes, or rather transits, of the Sun or 
fixed stars. But if an observatory b not adjacent, the rate and error 
of the chronometer may be found by altitudes taken daily for several 
days, from the horizon of the sea, or by the method of reflection. 

If, by these observations, the daily rate is found to be nearly tlie 
same, that is, if the chronometer gains or loses nearly the same 
portion of absolute time daily, it may be depended on for finding 
the longitude; but if its rate is u'neq_ual, it must be rejected, as the 
longitude inferred from it cannot be expected to be accurate. 

It would be proper to have two time keepers, and that they should 
be wound up at difierent stated times of the day, so that if one 
should be found stopt, either through neglect in winding up, or 
otherwise, it may be set by the other, observing to apply the former , 
interval of time between them, and the change in their rates of going 
in that interval. It is absolutely necessary to keep a chronometer out 
of the reach of the magnetic influence of the ship's compass, magnetic 
bars, &c. 



Problem. 

To^find the Longitude of a Ship at Sea hi/ a Chronometer. 

Rule. 

Let several altitudes of the Sun, or of any fixed star, be observed ; 
and correct the mean altitude as usual ; with which, 'the ship's lati- 
tude, and object's declination, compute the apparent timeofobserva- 
.tion, to which apply the equation of time, reduced to the time and 
place of observation, accordmg to its title in the Nautical Almanac, 
and hence the mean time of observation will be known. 

To the mean of the times of observation, as shown by the chrono* 
meter, apply its error and accumulated rate. Hence the mean time, 

* Ah Jnatrr t» 4 Ntrraiiei ^ Actf, tfc. VnSyx, fUgt is. 
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Boder the meridhn of the place where the error and rate were esta- 
blisbed wilt be known; to which apply the difference of long^de in 
time betwe^i that place and Greenwich, and the mean time of 
observation under the meridian of Greenwich will be obtained. Now, 
the difference between the time at the place of observation and that at 
Greenwich will be the londtude of the place in time i and which is 
' cast w west, according u the time by ebserration is later, or eatiier 
than the Greoiwich ume. 



May ig, 1804, in latitude 12° 15' N. the following altitudes of 
the Sun's lower limb were observed in the afternoon, and the time of 
obserratton were given by a chronometer, whose error, as settled at 
the Royal Observatory at Greenwich, March 16, at noon, was l' IS'.^ 
hat for mean time, and its daily gain was 7".8S, height of the eye Sfi 
feet. Required the longitude Mtheplaceof observation? 

Tuneper chronometer 6h 5S'40" Altitude Sun's I. limb, - 43" 24' 

6 59 36 43 33 

7 51- - - - -43 44 
7 2 18 - - - - - 43 57 
73 21 447 

Sum - • - 4 40 225 

Mean - - 7 56 Mean . - - 43 45 

Error - - — 1 18 Semidiamcter - - + 15.8 

Accumulated rate - — 8 23 Dip • - - — 4.9 

' Correction - - — .9 

Meantime at Greenw. 6 St 15 

Corrected altitude - 43 55 
To latitude 42° 15'N. atul reduced declL 1 9° 5 1' K. the number &om 

Table xxvM.b - 4.1i7« TablexXTUl. - - 3288 
Altitude 43° 55' Sine - 9.8411 

3.9983 Natural number - - 9961 

Apparent time - - S 12 34 Table xxix. - - 6673 

E^uadon of time • — 3 51 

Mean time of observat. 3 8 43 
UeantimeatGreenw. 6 51 15 

ItOQ^tDdeuttime - 3 42 32 =r 55^38' W. 

Rbiuuc 
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4. 
Reuark. 

If the equation of time be applied, with a contrary sign, to the 
mean time of observation at Greenwich by the chronometer, the sum 
or diflerence will be the apparent time at Greenwich, the difference 
between which, and the apparent time at the ship, or place of 
observation, will be the longitude of that place in time as before. 

n. 

October 17, 1804, in latitude 57" g' N. the following altitudes pf 
rhe Sun's lower limb were observed, the height of tlie eye being 1 3 
feet ; and suppose the time to be shown by a watch, whose errqr and 
rate were settled at the Observatory at Aberdeen j the error, October 
I ,. was Sir iast, and it lost 4",6 daily. K.e<}uired the slup's longi- 
tnde? 

Time per wach - 7h. 12- 8" A. M. Alt. ©'a 1. limb - 7° U' 
7 1S0- - - - -7 20 
7 14 7 7 27 

9 16 ex 

Mean - - 7 13 5 - - - - - 7 20.S 
Error - - — 3 U Semidiameter - + 16.1 

Accumulated rate - + 1 13 Cip and correction — 10.4 

Mean timeat Aberdeen? 11 7 Corrected altitude 7 26 

Longitudeof Aberdeen + 8 32 , 
Equation of time - + 14 31, 

Apparent time Green. 7 34 10 A.M. 

To lat. 57° 9' N. and reduced decl. 9° 13' S. the nomber &om 

Table xxvii. is - - 4.2713 Table xxvm. * - . . 251$ 
Altitude 7° 26' Sine - 9.1118 

3.S631 Natural number = 2416 

Time fix)m noon - 4 1 52 Table xxix. - - - 4929 

Apparent time - 7 58 8 
App.timeatGreenv. 7 34 10 

Longitude in time - 23 58 = 5"^ 59^' E. 

m; 

February 3, 1 804, being in latitude 1 5° 4S' N. the meaa of several 
altitudes of Spica Vir^ius, east of the meridian, was 53° 24', and 
that of the ciMTespon^Dg timet 15h. 16' 22^ pw watch, whkli had 

TOL. I, 2 o b«n 
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been let to mean solar time at Rio laneiro, December 5, 1803, and 
ms then gaining 53".8 daily, on mean time. The height of the eye 
was 1 6 feet. Required the longitude of the iKip ? 

Daily rate .----.,- S3". 8 
No. of d jys between Dec. i, 1 SOS, and Feb. 3> 1 804, 60 

Gain in 60 days ---.-- 5$ 46" 

Now 15h. 18' — 54' = 14b. 24', in which time it gaiM ■ 32 

Acnmiulated rate - - - - - - 54 20 

Tane per watch of observation - - - 1 5 1 8 22 

Mean time of observation at Rio Janeiro - - 14 24 2 
Longitude of Rio Janeiro in time - - 3 SO 55 W. 

Mean time at Greenwich - - - - IT 1* 57 

Meanof ob. alt.= 5S'24'.0 Sun's R. A. at noon t «lh 4' 3" 
Dip and refraction ^- 4. j Equation, Table xviii. + 2 5S 

Altitude corrected 53 19,5 Reduced right aseenstoo 31 6 5fi 
Tolat. 15" 48' N. and reduced decl. lO'S' S. the numberfrom 

TabJexxTii. = 4.0336 Table jxviii. = 0505 

Altitude 53° 19}' Sine -^ 9.9049 

3.937Q Natural nipber - • - $469 

Mer. ^st. S{^ Virg. Ih 44' 43 TaUe ^1^ . . , . ^97^ 
Rigbtasc.SpicaVii^. 13 14 53 

Right ascens. mend. 11 30 IQ 
Son's right ascetuioa 21 6 56 

Apparenttimeatship 14 23 14 
Equation of time - + it H 

Mean time at ship - 14 S7 26 
Mean time at Greenw. 1 7 14 57 

Longitude in time - 2 37 31=39* 29|-'V. 
IV. 

August 16, 1804, inlatkude 38*^ 19' S. the mean of sererol altitndca 
of Antares, west of the mvidian, was 14° 26'.4i, the height of the ^e 
b«ntf 12 ftet, and tte mean of the liaes per watch 1 ih. 41' si' P. B^ 

wfaidi ba4 been compared wn^ mean, thne at tie Oipe of 'Oooi I^oye, 

.,,„....■• i. ■..,■■ ■, .... - J 
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Jvtox 22d, and was found to be Ih. 10' 28* iloir, and gabed S'-St' 
daily. Required the ship's longitude ? 

Daily gain --._.__ $*, 54 

Nomber of days between Jane 32, and Auguit 16 • 55 

Oaia in 5S days . . _ _ _ 3 14. 7 

Hic Green, time of obs. is about lib. 35', and cwr.gaid 1. 7 

Accumulated rate . >. - . . - S 16 
iError, S2d June - - - - - -110 28 

Watchslowat time of observation - - - 1 7 12 
Time per watch of observation - - - 11 41 38 

Moan time of observation at Cape of Good Hope 13 48 SO 
LcHtgitudeofCapeofGoodHi^ . - 1 IS S3 E. 

M«tnttmeat Gt«entricb - - * ^ 11 Sfi 17 

Observedalt. Antares = 14° 28.9' Sun's R.A.atnooh S 42 40 

Dip and refraction - -^ fl.9 Equition,TabIexTlir. + 1 44 

Corrected ahitud« >■ > 14 2^ Reduced right ascen. 9 44 24 
Polar distance - • 64 1 i- • Co-secant - • 0.0462S 
Latitude - iS8 19 >■ - Secant - - - 0.10535 

Sum .. - 116 42 

Half _ - - 58 21 - - Co-sine - 8,71993 

DiSerence - - 4S 59 '^ ' Sine - - - 9.84164 

19.71320 
An^ - - - 15 57i <■ •■ Sine .... 8.85660 
8 

Mer. dist Antares - 6 7 S8 
Right ascen. Ama»s 16 17 27 

Right ascen. meridlata 22 25 5 
Son's right ascension 9 44 24 

Apparent time at ship IE 40 41 
Equadon of time . + S 52 

Mean time at ship -. IS 44 -98 
Mean time at Green. 11 35 17' 

LoB^ttdt in tune - 1 9 16 = 17* 19' B. 

S O 3 RBMAKt. 
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Rbmabk. 

In practice, it will be found very conTcnient to hart a table 
constructed) showing the error of the chronometer at the noon oi 
every day for several weeks, or during the estimated time of the run ^ 
to a place where its error and rate can be again settled. To this 
table a coIuhhi should be added, containing its hourly rate continued 
up to 24 hours. 

Thus, suppose the duly rate of a chronometer, deduced from a 
series of abs<Tvations, was — 4".72, and its error for mean time, Mar 
9, 1820, at noon, to be 3' AS".6 slow^ then, 



Error of Chronometer at Mean Noon, 



May 9 Error = 5' 58", 



4 IS . 

4 17 . 



4 41 . 
4 45 . 
4 SO . 



Hourly Rale. 
1 hour = 0".S 



Determination 

0/lhe Longitude of the late Observatory at Aberdeen, l>y * 
CliTonometerf^ AmoltTs Construction. 

The chronometer was set to mean solv time at Greenwich, June 
f6, 1T88, and lost 7''. 5 in eleven days. It was sent to Aberdeen 
by sea, and being compared whh the Observatory clock, July 15, it 
was found to be 7' 26".6 fast ; and was losing 6 .4 daily. It. is hence 
probable, that the motion of the ship had altered its rate. Now, 
Mippoting this alteration to have commenced when the ship left Xxno- 
don, which was July 8, its error at that time for the meridian of 
Crecnwich would, therefore, be 15" .0, from this time till July 15, it 
lost aV,% (~ 6".4 X 7) its rate being supposed to be uniform. Hence, 
its error for the meridian of Greenwich, July 15, at noon, was 
— ,C9",8 i but its error for the meridian of the Observatory at Aber- 
deen, at the same time, was -4- 7' 26".6. Hence, the longitude of the 
C)bser\-atory, in time, is 8'26".4 W. 

CHAr. 
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CHAP. IX. 
TV Method of finding the Longitude at Sea, 

BT 

The Variation Chart. 



J. HE principle employed in the former methods o£ determining 
the longitude of a place, is that of finding the difference of time be- 
tween the place whose longitude is wanted, and the first meridian. In 
this, the variation of the compass is used for the same purpose. In 
order, therefore, to discover the longitude by tlus method, charts must 
be constructed, in which the variation of the compass at all different ' 
places of the earth, is represented by curve lines, accurately drawn 
kam observation. " Now, the variation being observed at the ship, and 
compared with the correspondent variation on the chart, the longitude 
answering thereto will be obtained. The method of finding the 
longitude of any place, whose latitude, and the variation of the compass 
at that place, are given, is clearly explained and illustrated by examplr ^ 
in a small tract entitled the Haven-Jinding Art, annexed to W n-, 
Edward Wright's Certain Errors in Navigatum delected and correct -gj 
the first edition of which was printed at London in the year 1 599- 
and the third edition in 16j7. 



Messrs. William Nautonnier, a Frenchman, Emmanuel Figui jreido, 
a Portuguese, Linton, Whiston, &c. have proposed the varir ^ioQ Qf 
the compass for the discovery of the longitude at sea. In J 6' /g^ Mr. 
Henry Bond published his LoJigitude Found, in 4to. Rut th' , want of 
a sufiScient number of observations rendered thii method of \i\x\e or 
no service at that time. 

Mr. Harrison, in his Idea Longitudints, printed at Londf ,n. in 1696, 
recommends the variation of the compass as a good methi ^ of ascer- 
taining the lonptude. In the above tract, page 33, he sa' n^ *< When 
I was m EasC-lndia, I understood what variation there ^^33 in most 
adjacent parts so well, that I have offered in discourse in company, to 
go in a ship that set sail from any part of the coast of Ind i^ bound any 
way,two, three, or four hundred leagues; I would keep . qq account of 
her way for a week, or ten days time, and any fair day when I could 
have reasonable observations, 1 would have told them ' ^ place where 

thf 
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th« ship was, as well as they that kept the most exact reckoniiigi 
provided they had not seen the land since I saw it; and this I mutf 
have done by the latilude and variation observed*. 

In 1 7OO, Dr. Halley published the first variatioti chart, &om a great 
number of observations, which for nutny years he had been collectinK 
for that purpose. As the variation is, however, sul^ect to an annuu 
change, this chart, therefore, in a few years, became almost usdesst 
In the years 17*4 and 1756, it was re-published at London by Messrs. 
Monntaine and Dodson, from near one hundred thousand observation). 
Tt was also published at Paris in 1765, by M. Bellin, and again at 
London in 1788, and in l794. Variation charts, adapted tO 
different yeafs, have been published by Mr. Samuel Dunn. 

Although many of the observations used by Dr. Halley, and his 
followers, in the constmcdon of variation charts, were accurate, yet 
' it is not to be expected that this was the case with them all; and^ 
therefore, it is not probable, that any curve drawn according to these 
observstions, represented the actual variation at alt phces througii 
which it passed, o^ irtiicfa is the same, it will not be a litie of eawi 
variation. Itshould also be remembered, thatthese curves aresnbject 
to a change of place and figure. 

This method of finding the longitude is imprscticable at those 
plaoe» where the vanackm lines coincide with a parallel of latknde, 
or where they are nearly in that direction. This happens in the tfact 
betweot the southern parts of Europe and North America, and iir 
some pa>t» ef the Pactfic and Indiui Oceans. If the inclinatial 
beCwaee these lines be less than two or three points, this method of 
finding the longitude is liaUe to a very great degree of uncertainty. 
The less, thereeore, the indioation of the magnetic curve to the 
meiitUan, ftBteris paritus, the more accurately will the longitude be 
ucenained; and, hence, a tolerable- exact solution to this problem- 
may be obtained, provided a good chart, adapted to the time of 
observation, is used. This, howeverj will be difficult to be procured, 
until dieory and observation are blended together in the construction 
of variation charts ; and these charts should be republished at cenaiu 
intervals. 

Another -and very p(aticuIap>objection against the practice of tbi< 
method, was the want of a proper instrument to observe the maniedc 
azimuth with accuracy, in order to detennine the VBriation of the 
compassf; This is, however, now removed, by the invention of a new 
azimuth compass by Mr. M'Culloch, whichis so constructed, that the 

• Ininunuicriptnotc, It the end oficoKbeloilgiiiElo theAnthoiiUdiignedbj t)i» 
iniiiali of Mi. Huriton's namE, ii the fbliowing puapatA -^" The following worik 
•rcie fwsDt- *'>; SupfmLng ttas TUiation and loDgitudalobe tifodittmetins, haviDgno' 
drpcntlencc oii cbc|i otbet, uvc-w nuGliaf the loagktide'Hit'fbnnd t>7 the vmiMiDn of 
the caippaii, the questian n put, whethet mapictic vnriauoa, yicW uodcutoad, bs. 
joot M much fdi tha public good af manktnd, u the looglwde, if it fieie known ? 

t See iho Cookl^lut Vojnge, lecaiid edit. wl. 1. psge M. 
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centers of motion, of gravity, and of magnetiim, are brought almost 
iill,tothe,^atQe point. This wstmoient has also'many other aavantagss 
over the conunon azimuth. compasses. Ac account of its great stihty 
and superiority over them nay be seon m his Beport, printed at 
.London in 1 789. 



Qhien the Latitude of a Place, and ike Kariation of the Compost^ 
to Jim the Longitude of that Place. 



Draw a line to repi^ent the parallel frf" latitude ofthe given place, 
and its intersection with the line of the given variation will be the 
■ituation of the given place; and heoc* its hmg^tude is known. 

When the given variation fdis between two of the lines of e(]ual 
variation on the chart, allowance is to be made as usual, and, if the 
given time differs consideraUy from that to which the chart is adapted, 
aUowaacs is to be made for the cliaiige of variatioo in the int^'^it 

Examples. 

I. 

Ziflt the ihip'a IstibidA he 1S° 10' S< and the variation of the compass 
10° 3D W. Required the longitude i 

By laying a rule over lS° lO' S. the given latitude, ina direction 
panllel tq the equator, it will b^ found to intenea the line represent- 
ing ] 0'^ 30' W- variatitm, in a certain point, the longitude of which ii 
aboot 9<^ 90' W. 



ir. 

June 1, 1793, being in latitude 40° O' S. the variation of the cnm- 

rt deduced from the mean of several azimuths of the Sun was 10° 
and by comparing two variation charts, the latest of which being 
adapted .to the year 1769, it is found that the annual decrease of vari- 
ation is about 10 minutes. Required the ship's longitude? 

The decrease of variation in the given time is about ♦" wy 
(= 10' X 28y,); hence the observed variation, reduced to the time to 
which the chart is adapted, is about 14° 40' E. Now, by drawing the 
parallel of 40" S. its Intersection with the line expressing the ^rave 
variation is found to be in longitude £6° 30' W. which is, therefore, 
that required. 

Although the variation chart, in many cases, is not to be depended 
an for the purpose of determinmg the longitude at sea, yet its use in 

finding 
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finding the variatioB of the compass answering to 3 given latitude and 
longitude by inspection only, is evident. Upon this account, it 
deouinds the particular attention of the praaical navigator. 

Besides this method of finding the longitude of a ship, by the vari- 
ation or declination of the needle, Mr. Whiston proposed to find the 
longitude by the dip, or inclination of the needle, the latitude of the 
place being given, or the latitude, if the longitude be known; and 
dates the time of his discovery to be about the end of the year 1718. 
If both these methods be combined, the latitude and longitude may be 
found ; the declination, and inclination of the needle, being given. For 
this purpose, a chart, expressing the lines of equal variation and dip, is 
necessary. Then, the point of intersection of t]ie line of the given 
variation, with that of the given dip, will be the ship's place i and, 
hence, its latitude and longitude are both known. 

Or, if a set of tables were constructed, having the variation and dip 
to every degree of latitude and longitude, with their annual variations, 
the ship's place would be easily found. 

In the year 1768, a chart, exhibiting the lines of equal dip, was 
pubhshed atStockhohn, byM. Wilcke. This chart was re-publisbed 
by M. Je Monnier, in his treatise entitled Loix du Magnelisviet 
printed at Paris in 1776. 

- Beside the methods which are here given, and illustrated, to find 
the longitude, others have been proposed j of which, however, the 
following only shall be briefly mentioned. 

In the year 1714, Messrs. Whiston and Ditton published a pam- 
phlet containing a method of finding the longitude by the explosion 
of bombs. Some time after, Sir Isaac Newton delivered a paprr to a 
committee of the House of Commons, in which he observed, that this 
method " is rather for teefivg an account of the longiltide at sea, 
than ioTJinding it, if it should be lost ; and that it is easier by it to 
enable seamen to know their distance and bearing &om the shore 
40, bO, or 80 miles ofiF, than to cross the seas. Whatever use, 
therefore, this method may be of near the land, yet it can be of no 
service in crossing the ocean. 

M. Cassini proposed to ascertain the longitude of a place from 
observations on the spots of Jupiter. Many other methods might 
be given for £nding the longitude , which, for various reasonsj it 
is thought uimecessary to mention. 
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tljtir, Moikelyn^s Stttesfor eompttting the Longittide anJ Latitti^ 
of a _fixed Star, or Planet, from Us known right Ascens'um and 
DtcUaation) andfor computing itt right Ascension and Deeiinationt 
its Lovgitude and Latiiude being given, Pages 44, iS. 

X^KT the prunitive circle, &g. 2, represent tb^ Mlstitial colure^ 
EQ thfe equator, ffi V^ th« ecliptic, and S the pottdoD of x star or 
phMieti through which let cifcles of latitude and declinatioB bs' 
draws. Then is T A the rij^ht ascetauon, AS the dedinationt T B 
the longitude, and BS the latitude of the star : and the angle A T B the 
obliquity of die ecliptic. Now, in the ngfat-angled ai^WTical triangle 
TAS> are given AT and AS, to find the an^ ATS. 

Sine AT : R : : latlgeht AS : tangent AtS. 

H«Bce, taneent ATS -. " — r-r^ to radiut UDttr; 
^ sine AT ' 

AndATSTATB = BrS. 

Agun, in the right-angled »>hefical triangles ATS, BTS, we hare 
R : co-sine ATS ; : tan. TS : tan. AT 
R : co-sihe BTS : : tan. TS : tan. BT. 
Hence, co-tine ATS : co-sine BtS : : tan. AT : tan. BT 
And tan. BT z= zr. co. co-sine ATS co-sine BTS tan. AT, or 
=: tan. AtS ar. co. sine ATS co-sine BTS-tan. AT 
becatise the co-sine of an arch is equal to the rectangle under the 
to-tangent and sine of that arch, to radius unity. 
Now, R : sbe BY : : tan. BTS : taA. BS. 
Hence, tan. BS = une BT. tan. BTS, or 

3= tm. BT. eo-sBte BT, ttn. BTS. Q. E. X>- 

Tcl,. I. 8 p . If 
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tf the poiitioiu of tlie cdiptic and cepiator be supposed to be ma- 
tuatly changed, the demoitstruion of the rule for computing the right 
aKennon and declination will be the same as the above. 



Theokt of Hidlet's Qi;adraht, of the SextahTj and 

CtKCULAK InSTRU'ME HT. 

Lbmua. 

The angle contained betveen a ray of light fidling on any re6ecting 
surface^ and a line perpen<ticular to thu sarhce at the pmnt m 
incidence,!! equal to theangle contained between the sameperpendicuiar 
and the reBected nj*. 



Theorem I. 

In the Fore Observation, the Altitude of an Object, «r the anguiar 
Distance between two Objects, is equal to double the Arch on the 
Limb passed over by the Index. 

Let ABC, £g. S7, represent a quadrant, D the index ^isi, F the 
fore-horizon g&ss, and O, G, two objects whoee uigular distance is 
the arch OG, or the angle GEO, the position of the ^t being E. 
Now, let the index be so placed, that the reflected ioiage of the oqect 
O, may coincide with the object G, seen directly. 1 nen is the angle 
GEO equal to twice the angle CDH ; that is^ equal to twice the arch 
j>ass«d over by die index. 



DSMONSTRATI ON . 

Let the ray CD incident on the speculum at D, be reflected to the 
- fore-horizon glass, and &om thence to the eye at E ; also, let DL be 
perpendicular to the index glass at the point of incidence D : and FM 
perpendicular to the fore-horizon glass at the point of incidence F. 
Then, by the above lemma, the an^e LDF=:LDO, and MFE= MFD. 
Let CD and GF produced me^ in E, and FED will be the angular 
distance of the objects. 

Now, since Lp is rarallel to EG, and perpendicular to the speculum, 
the angle EFD = FDL=LDO=rDEFi and EFD is biserted by the 
perpendicular FM, therefore, the anele DEF^ 3MFE. But because 
tbe right-angled triangles MFK, MFI, have the ai^le M common, the 
remaining angles MFI, MKF, arc therefore equu: hence, the angle 
DEF = SMKFi but MKF = KDC, therefore, DEF = 2KDC. Now, 
DEF is the angular distance of the objects, and KDC is measured by 

• Tbii a dcmoBMiaied hj wriOfS on optk*. 

the 
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the arch CH . The angular diMaoce bctweeil any two ol^ects is, there- 
fore, double the arch on the limb passed over bj the index. Q. E.D. 

This also holds g9od vtth respect to the sextwit, and circular 
isstnuneot. 



ifi the had Oiserration, the Supplement of tiu Anglt contained 
between any two Objects is equal to double the Brcess of the Incli- 
nation of the Mirrors abovearight Angfej and, tiierefore, ejual 
to twice the Jrch passed over by the Index, . 

Let D, fig. 28, be the speculum, N the back-horizon glass, whose 
planes produced meet in M ; hence, the angle MNI is equal to the 
excess oftheincUnatt<»iofthese planes above a right angle } also, let O, 
G, be any two distant objects, then PEO, the sup[dement of the 
anenlar distance GEO, is equal to twice the angle MNl=:twiceCDH=: 
twice the arch CU. 



DEMONSTRATION. 

Let the index be so placed, that the reflected image of the object O 
may coincide with the direct object G, the eye being at P. AJso, let' 
DL be perpendicular to the speculum, and LN perpendicular to the 
back-horiwm glass. Then is the angle LDN^UX), and LNP= 
LND jTience, MND =: RNP =: MNI, therefore DNI = 2 MNI : and 
because the triangles MNI, MKN, ire similar, and DC parallel 
toNK, theri:foreaie angle MNI= (MKN = ltDC=) the arch CK( 
hence DEN = twice the arch CH . Therefore, in the back observation> 
the supplement of the angular distance between two distant objects is 
cqiialtodouble the arch on the limbpassed over bythcindex. Q.B.D, 

Deuohstratioh 

<y the Rtie for computing the Length of the Seale^ or of any Portkn 
of the Scaie, on the Liwsb of Hadkifs Quadrant, Page 6s, 

Let ABC, 6g. 27, represent an octant, and therefora the angle 
B AC := 45°. Join BC, and draw AS perpendicular thereto. Now, m 
the ttiande ASC, *te eiven AC, and the angle CAS, to find CS. 
R:«ineCAS: :AC:CS.. 
Hence CS=: AC sine CAS, and BC =x SAC sine CAS, 

If AC=I,thenBC=SsiBeCAS. Q. £. D. 
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DflUOHITSATtaN 

(y tlu FormuJa /i>r computing iht greatttt ^gmfntattm tf ^' 
Moon's Sfmiaiatlufer, fage 82. 

Let ML, fiff. 39) represent the Moon't semidiameter, E the Earth'^ 
center, and P a point on its surface : hence the angles MCL, MPL, 
will be the Mbon's setnidiameter. as seen from thowpoints rmpecHTely; 
and their difierence PLE is, therefore, the anpaentatioQ. Ni^, 
since these angles are small, the measure of each JvXf tie wbAkuttd 
for its sine. Let, therefore, the Moon's Korizontil Mqiidjuneter 
ME L. = f , the augmentation PLE = x, hence MPL = i + x. ' Also, 
let ME=.i, and PM =ME — MP = i, heoceMP=^— I. 
Then d— i:d::j:j+^ 

Convert °d — 1 I I I ; * : a: 



If the Moon's horizontal panlja:^ be pxprtesed b; A^ thead 

b»<»«= S1}1}^, and i- . = ^!lii:"'i^. Bu, 

n h 

the ntiq of the horizontal parallax to the semidiarneter of the Moon 

is as 1 : 27249 nearly: hence, rf— 1 = *^ '^ ^*'*~'* 4T24^ 

St*- — •■ ^:^— ( which being substtfut^ for tf-r-1 in the &rmer 

fquatioo, gives X = -^-^,-^„_-_ 

Let LP be produced to F, and £F being dranri parallel to ML, vill 
th^efore be toe greatest augmentatioif to the laaius EM. Let the 
Moon be in any other point A of its diuma] path) Join A£, AF, 
make AG = AE, and EG, which is the measure of the angle EAH 
to the radius A£ =: LE| v^' be the wifmentation corresponding tq 
fhat altitude. 

Now in the right-anffled rectilineal triangle BPG, *>«n the angle 
EFG = coinfdeniait (rf A£M = ]>'4 altitude, and EF t»e givBMst augr 
pienCatiqn, W find EG. 
R : sine KFG : : EF : EG =EF,sine EFG, to ndiqs 1. Q. E.T>. 

It hence obviously ftdlows, that if to tKe true altitude «F the Mtton's 
limb, the horizontal semidiaoMter of the Moon, as given in the ephe> 
meris, be applied, the true altitude of the MqonS tenter will be 
obtain^ : and, therefore, in this case, the ansfientation is unnecessary. 
Hence, also, the change of parallax at any given altitude, answering to 
a change of altitude equal to the Moon's semidiameter, will b4 the 
»uginentadon answering to thu altitude. 

Dehon^ 
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pEMOHSTRATION 



(y ike Rule fir ctmfut'mg the Dip of Ike Horizou, Page 84. 

In fig. Slst, BE represents the height of the observer, aiidKCH:^: 
FEI the correspondtag dip. Now in the right-angled rectilmeal-tri- 
angle CHE, are g^ven CH die semMUameter gf the earth, and BE thf 
height of the e^e, to find the angle HCE. 

Let CH = J, a ndB Ej= A, henoet CE = 5 + A. 
Now, HEI" = 2 s + hxkpet SB. ill Eut^. 
Hence, HE=V2T+TxA=: v" 2jA, because, )U anyjirobabl* 
f leyation, 2 s + kit not sensibly difierent from 2 sh. 
An4 * ; i/Ssh : : r : tan. HCE — ry^SJA. 
s 
SiiijC«, in the preset cue, the arch may be substituted for its tao- 
geat, the radius, therelore, becomes 57" IT H'.S. 



De MOMSTR ATTOK 

i^ihe Bulefir fpmpating the Refraction in Altitude, Page89. 
(Fio. A, Pl*t«IV.) 

Let Z be the zenith, ZDH a vertical circle, and H a point in the ' 
horizon ; also, let B be the true, and D the ap[>arem place of a 
star i hepce, B0 irill be the refraction of the altitude D : let the 
arch HA be the horizontal fefraction, join CD, and draw the lines 
AK, BF, anil DG parallel to CH and DE, AT paraHel to CZ; ^ 
then CI is the cosine, and IH the vsrscd sine of the horizontal 
refraction ; CG is the sine, and GD the co-sine of the apparent 
^tude; and let the radius CH, or CD = 1. 

Now, CH : Q : : BF : DG, p«- dioptrics. 

Hence, ^i : CI : : BE : DG, per division. 

Alul* ciace th« tria^j^ 3D£ may be -considered as rectilineal aod 
fight-angled, it is, therefore, uoukr to the triangle CGO. 

Therclbpe^ 

Whence, 
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Whence, BD 



TT. • .u .^ ■ i» Ver.sinolior. refr. X cosine app. aft. Xrad. 
Lo-sine aor. refraction X sine app, alt. 
Ver. sine hor. rdr. X rad. 

— . Ver. sine hor. refraction X rad. . 

But, since ^- . — ^ ; , is a c<Hutaiit qamtitr', 

Co-sine aor. retraction, 

being equal to the refraction at the altitude of 45 depvcS) the 
refraction in altitnde is, therefore, as the co-tang«iit cf the apparent 
adtitude, or as the tangent of the zenith distance. Q. E. D. 

RsHiRK. 

It has been already ohserved, that Dr. Bradley, from a number of 
observations, biferred the refraction at iS° to be 51' } and also, that 
the re&action at anj other altitude to be equal to 57", multiplied by 
the tangent of the sum of that altitude, and thrice the refraction 
taken from the common tables- Many astronomers, however, differ 
with respect to the quantity of the mean refraction at iS", At a 
place iive and two-third degrees nortti of Greenwich, the author of 
this worlcjfrom many observations, found the mean re&action at 45" 
to be greater than 57", and constructed a table for his ovn private 
wse accordingly. — The observatory was about JOO feet above the 
level of the sea. 



Demonstration 
OflJie Rule/or computing the Parallax in Mtiiude, Page 69. 

In the rectaineal triangles D AC, H AC, (fig 23,) the angle ADC Is 
the horizontal parallax, AHC the parallax answering to the apparent 
altitude DAH. 

Now DC : AC : : R : sine ADC. 
And DC (=HC) : AC : : shie ZAH : sine AHC. 
Ex. eq. R : sine ADC : : ^ne ZaH : sine AHC <= (in« ADC 
une ZAH, to radius I. 
Since, in angles not exceeding one, or one and s fourth degrees^ 
the arches are nearly proportion^ to their sines, 
Therefore AHC = ADC. sine ZAH. 

That is, par. in alt. =r hor. par. X co sine of a pp a r ent ahttnde. 
Or, by the nature of proportional logarithms, 
P. log. Par. in alt. = P. t. hor. par. + log. secant app. ak. Q, E. D, 

DcMoa- 
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Cemomstbation 

OJ the Hule fw converting Dtgrees w/o Time, Page 1 0+. 

Let tf be the ^ven degrees, and x the 'correspondent time ; then, 
since the Sun is m the f^ne of any given meridian once in 24 hours. 
Therefore, S60° : *> : t S4h. ; : * h. 
„ 2*h. a_1440'tf ^ 

Hence, * = ——,-- — — =4«. „ „ „ 

' 360* S60 Q. E.'D. 

DSHOMSTBATION 

Of the Sale for reducing Time into Degrees, Page 1 OS. 
Let a be the ^en time, and x the degrees answering thereto. 

Now, 24h, : oh. : : s&y : j*. 



Hence,«=-— - X a= 13 a =10 a + 



DSMPNSTRATIOH 



10a 



Q,E.D. 



Of tie Rule for reJueiag ike Time under a given Meridian to ike 
Time at Greenwich, md conversely. Page 105, 106. 

The rotation of the Earth being from west to east, it is therefore 
evident, that the Sun, or any celestial object, will be sooner on the 
meridian of a place to the eastward, and later on that of a place to the 
westward, than on the meridian of Greenwich, by a quantity 
proportifMial to the longitude of the place irom Greenwich. And 
conversely. Q. E. D. 



DBHONSTItlTIOM 

Of the Rule to find the Correction of Noon arising from the Ship't 
Bitn liettveetithtOiservatiom of the equal Mtifu£, Pages 190, 123. 

Let a = tnterval of time between the observations, uul h = hourly 
' tate «f sailing. Then, according to the principles of plane svling, 
_• ,.— , .-^ . ab. co-sine course'\ 

Ihour. ^. to radius unity. 
. , , ^_ ab. sine course ( 

And departure =: --; \ 

' 1 hour. J 

Vowt die change in the horary an^e answering to a givea change- 
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t «s« 1 . 

,. . , . t\ T tan.a2irauth- «P. co-s. course, tari. aziiiii 

of latitude, B = D.I-at . — , — •= : — . . . 

co-sme lat. co-sine latiiuae 

to radius I, apd thtrefote, 

' . ,,.... 2iii. cd-sine course, tane. azimiitU 

The equation of latitude \a tima r r rr---? '~ 

^ CO sine of latitude. 

Or, if proportional logafithmi be usedj and the hours reckoned as 
minutes, then P. Log. of eq. of lat. = P, L. n + P. L. fi + L. secant 
course + L. tan. azim. -j-L. co-£.lat. +L. 2. — P.L.1 minute. 
. , , . , , 2fli. sine course 

And the equation of long. = ^-r-— t— * 

^ "1 hour, co-s. lat. 

Hence, P. L.eq. of long. = P. L. a + P.L. C -f-''-'^**"**^"!* cOurs* 
+ L. co-sine lat. + L. 2 — * P. L. 1 nunute. 



DEMONSTBiTIOM 

Of the Formula far tmnptitin^ tlie Altiliide of a circumpotar IStat't 
when Us Motion m aUittide is a Maximum, Page IS*. 

Let P, fig 30, represent the pole, Z the zenith of the place of ob» 
servation, DSd the parallel of the declination of the star, 23 A aTcr- 
tical circle touching the parallel of declination in the point S, which isi 
therefore, the place of the star when its motion in altitude is quickest. 
Now, in the right-angled spherieil triao^ 2SF, ZP a&d SiP ait 
given to find ZS. 

Co-sine SP. : R : : co-sine ZP : co-sine ZS. 
Hence, co-sine ZS ^ co-«ne ZP. lecant SP, to radius unitT ; 

'lliat is, sine altitude = aac latitude. co-«cant decimation. 
Q. E. D. 

De UONST It ATI N 

Of the Rule for computing the Apparent Time from the Altitude t^- 
a Celettvd ObjecL 

Method First, Page 135. 
In any SjAerica! Triangle ZPS, fig. 31, 

/3iD*^(ZS+PZ:i^)rin«^{ZS-HP»-PZ) , 

Sine^P=V 'sb^PZTsiirrpS —. P»«f^«*'. 

Wherein ZP may represwit the co-hri«ide of t^ie place cff (*Ber< 
nation, ZS the zenith distancej aod PS the polar distance of the 
observed object : and the mgla ZPS tiw horary distance of th« olject 
from the meridian. 

■ SitnpiOQ'* FliuioM, pip ass, line 9 rram bottonl. - 
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Nowrlettfaeakitude=a, tatitiide =: rn, and polar ilbtance =p, 
Theni(Z3 + PZ— PS)=4(90— a + SO— »— p)^i'(180— a— m— f) 

=^90-4 {a+m +p). 

And i (ZS +re- PZ) = f (90-0—90—01+^) = f(— a + m+p) 

Hence, by mbstimrion , we haw 

/ cix. j-(a+Bi+/')- sin e f [a+ai + p>— « 
SmefP=v/ 3^"^<inef 

= v'co s. |(a+n+^)-3ine-t(aT*B-t-/»} — & secant fn.£0-«ec.' p. 



Method Sbcond, Ptrge 128. 

In t3ie spharical triangle ZPS. fig. 81. 

ane PS. nne PZ : R* : : v. sine ZS— ▼. sinePS— PZ : ». sine P. 
PCT spherics. 

But the di&rence of the tersed sines is equal to the difference of 
the co-sines ; there£;>re, 

Sine PS. sine PZ ; R» : : co-s. PS— PZ— co-s. ZS = v.sineP. 

„ . „ co-s. re^Zl-co-s. ZS. R* 

nence, ver. sine P =r 



sine PS sioePZ 



_ co.sec.PS. co-sec. PZ.co-s. PS— PZ— co-s. ZS 
— j^. 

"WTimice, log. versed sine P = log. co-se c. PS + log , co-sec. PZ 

+ log. co-iTre^PZ —co-s. ZS — 2 Ic£. rad. 

But PS — PZ = the meridian zenith distance = latitude ± decli - 
nadon, according as ihey are of different, or of the same name. And 
the ctdunia of rising is a table of log. versed sines, adapted to time. 

Log. secant lat. -flog. sec. dec. +1ok- co-s. mer. zen. dist. — sine ob. alt. 
— 3 log. rad. =:log.rising<3' apparent meridian distance of the 
object. 

IflVESTIGATIOK 

Of that Position in tvfuch on Oljecl should It, that the Time dtduttd 
from its Altitude may ht as little as posiibU affected hy vnavoideblt 
r Errors in the Observations and Latitude, Page 1S9. 

When the latitude and declination are of the same name, the chann 
of altitude, in a nven time, is most rapid ; first, when the star is in 
the prime vertical, the declination being less than the latitude; secondly, 
when the object is in that part of its diutnal pull wlucbis to coDtact 

aroL. I. 2 Q with 
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with an azimutli circle, in this caie, the dcdinatiim will ezce«d th« 
latitude of the place of observation ; and, thirdly, when the object it 
in the zenith, the latitude and declinatioif being equal 

When the latitude and declination are of contrary names, the change 
of altitude isquickett wheathe object is in the horizon ; which, there- 
fore, is the most proper position for observation, abstracting froiq 
refraction. But because of the irregularity to which the horizontal 
refraction is subject, it is, therefore, improper to use altitudes observed 
near the horizon, for the purpose of determining the apparent time. 

Let P, Z, S, fig. S3, represent the pole, zenith, and star, respec- 
tively ; let MPS be a given change in the hour angle ; and AM being 
a portion of a parallel of altitude, S A will be the correspondent change 
of altitude. 

Let AS = a, anjl MPS = h- 
Now R ; sine pS : ; A : SM ^ h. sine PS. to radius unity. 
AndR:sine AMS::A.siaePS:a = A.sine PS.sine AMS. 

= A. sine PS. sine ZSF. to rad. I . 

Now PS being constant, the change of altitude AS answering to a 
given change in the hour angle MPS, will be a maximum, when the 
sine of the angle Z5P is the greatest possible ; that is, when ZSP is a 
right angle. Now ZSP is aright angle when the vertical ZS touches 
the parallel of declination of the star. And if ZSP be constant, the 
change of altitude will be quickest when PS = 90° j that is, when the 
pbject is in the equator. 

Again, in the triangle ZSP. 

Sine ZP : sine PS : : sine ZSP : sme PZS, 

Therefore, sine ZP. sine PZS = sine PS sine ZSP. 

Hence, sine ZH. sine PZS. being substituted for its equal in the 
former equ^iion, we have a = k sine ZP.iingPZS^. 

Now ZP being constant, the change of altitude will be a maximum, 
when PZS is a right angle ; that is, when ZS is the prime vertical f.. 
And if PZS be constant, the change of altitude answering to a ^ven 
change in the horary angle, will increase with the sine of PZ,.and is, 
therefore, greatest when the latitude is least} that is, when the placet^ 
situated on the equator. 

Since, sine ZSP = 



sineZS 

~smc"ZS~ 



„ , . . , sine PS.sinePZ.sme ZSP „ 
general equation, gives a = A. ■—, — ,— , Ht^ice, thf 



* If proponiontil logtrilhini be uied, tbe eqiution become* 

Prop. los. > = Prop, log . Ik 4- lojc. co-kcmii ZP + log.. CQ-Mcut PZS. 

Thit U ihcderaonnniioaof the lule in ptge go, for cocnpui^ the clwigE of altitude 
tuisweiiog lo a (jiuen intemil. 

.|- If the Ulitude and declmBlion are of amlrsry nimM, the panltel of declinltitm will 
not' inieiseetthe prime venical aboiie ihe horiion i thetefoic, tbc cbaoge of aliiiDde it 
^iclcett ichcD the object it in tbe horicon, 

latitude 



■D,„;,zcc ..Google 



latitude and deiiliaatioii twing constant, the change of ahitdde will 
increase with the altitude and hour angle; 



1JSU0M3TKAT10N 

Ofike RuiaforcOmpttHngtlu Correction ofApparenlTim, answering 
to given Errors in the AltitucU, Declination, and Latitude. — Proti 
X. ii. XII. Pages 140, Itl. 

The error in altitude bring given, the correspoiident error of the 
hour angle mky be easily deduct from the preceding (brmulx. 
For, since a = h. sine PZ. sine PZSj 
Therefore, h. = 



sine PZ. sine PZS. 15 
And P. log. A =P. log. a + log. sine PZ + log. sine PZ5 + log. 15. 
Whence, in any spherical triangle, the change in any of its angles, 
occasioned by a change in the opposite side* is equal to this change, 
multiplied- by the co-secant of one of.the other sides, and the co-secant 
of the intervening angle, and cpoTertely. 

Tkr Error in Declination being given, to jtnd the resulting Error ■ tit 
the liour Angle. 

Let SB, SM, £g. Si; be portions of the parallels of altitude and 
declination of the given object, and BM the given change of declina- 
tion : hence, MPS will be the correspondent change of the hour 
angle. 

Now, in the right-an^ed triangle BMS, which tiiay be considered ai 
rectilineal, are riven MB, and the angle BSM = ZSP, to find MS. 
R : co-tan. ZSP : : MB : MS= MB. co-tan: ZSP, to radius unity. 
And, sine PM : R : : MB. co-tan. ZSP : MPS =MB. co-tan. ZSK 

co-secant PM*. 
^ Or, by using F. logarithms, the change of the hour aiigle expressed 
.in time is =: Ph>p. log, BM -|- log. tangent ZSP •(- log. sine PM 
+ log. 15, 

Heilce, In any spherical triangle, the change in any of its angles^ 
Uiune frbm a given change in one of the adjacent sides, is equal to 
the' above change multiplied by the co-tangent of one of the other 
angles, and the co-secant of the side contained between these an^^} 
aiM c<Hiv«vely. 

If / be the change of latitude, and h the corresponding change of 
the hour angle, then, by the preceding, we have 

*Or, •inceo(>-tui.ZSP = co-Mc. P. co-Ma. PZ. NDeFS — co-tsli. P. co-t.P9, which 

Woj MibHinited in ibe ftamCT c qiniMm, we btve ^ 

MPS = MB. CMCC P. oo-un. PZ ,^ CO-tui. P. ctCUiTFS. 

8a9 k=l«f. 



.....Google j 



t m ^ 

A=log. cotangent PZS. log. co-secant PZ^'^. 

And P. log. A=P log. I + log. tm. PZS + log. sine PZ -j- ]og. IS.. 

Or, since co-tangent Z— co-secant P. co-tangent PS. sine PZ — 

CQ-tange ntP. co-sine PZ. Hence, b y substitution, we have 

h = L eo-sec. P. co-tang. PS — eo-tang. P^ coTtang!^ PZ. O. E. If. 



Demonstration 

(if the Rule for computing the Apparent Time from an ObstnxUloif 
ofiim Stars in the samg Vertical, Page 1*2. 

Let P, fig. S3, represent the elcTated pole, Z the zeahh, and S, A» 
tiro stars in the same azimuth circle ZRAN, to which let PB be per- 
pendicular. Now, in the triangle APS are given, AP, SP, the polar 
distances of the stars, and the angle APS the difference of li^ ascoi- 
lion, to find tha angle ASP. 

Kow,tang.S=-.-T,p sine APS .^t^ieam. 

* sine PS. co-tan. A P-co-sine PS. co-sine P 
And in the right-angled spherical triangle PBS, 
R : co-s.PS:: taog.S ; co-tang. BPS Si co<-s. PS. tang. S=: 



tang. FS.eoTang. AP — co-a. P- 

Hei«:eitangentBPS = gg-gI^^^"'""g""*.^-P-^'^''°'' = 

== tang. re. co^tan. AP. co-s« . P — co-tan. P. 
Again, in the triangles t%B, PZfi, 
co-t,PS :co-tan.PZ:: CO.S.BP5 :co-s.BPZ=taniPS.co-t.PZ.co-siP&. 
- AodBPSTbPa=ZPS. Q.E.D. 

0s no N ST R-A TI O K 

Of the RuUfor compatin0 the Hour Angle from the Interval ofTraU 
letween the Sising of two known Stars, Page 1*9. 

Let P, fig: 9*, reiwesent the pole, S the lint observed star when in 
the horizon, and A the sitaationofthe other atthe same instant. The 
angle APS is the diSerence of right ascension. Let a be the position 
of the second star at the tune of rising. Then will the angle APa be 
the interval of time between the instants when the stars were obierved 
in the horizon ; and the ai^e cPS will be the difference betweea th* 
above interval, and tfa« diro-ence of right ascension. 

In the spherical triangte aPS, are given Pa, PS, and the an^ 
aFS>tofindPSa, Now, per spherics, 

T»>gewPS.= !™-^ 

' «aiPS.«o.t!iii.P«-t»«.PS,«i-s.«PSi 

■ ' D.,.„ct,Go<iglc 
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And, in the right-angled ipherical trian^e SPO, 
R: co-s.PS::tan. PSa:co-tan.SPO = co-s. PS. tan. PSa = 
sine oPS 



tan, PS co-t. Pa — co-s. aPS. 
And tang. SPO = tan. PS. co-tan. Pa. cd-s«c. aPS — co-tangent oPS. 

Again, R :co-s. SPO : : tan. PS : tan. PO 
Hence, tan. PO = co-s. SPO X tan, PS 

. =:co-s. mer. dirt. star. X co-tan. decl. 
=: latitude required. Q. E. D. 



DbUONSTRAT ION 

Of Ihs Rule for eompul'mg the Apparent Time from three Mtitudew 
t^the same Oliject,untaUu Intervalt of TtTtieuetween the CUserva* 
tioiu. Page 1*6. 

Let A, B, C, &g. 35, be the positioiis of the object at the times 
of observation ; ai^ AD, BF, CG, the sinei of the altitudes. Describe 
the semicircle KMR, and draw AN, BM, CL, perpendicular to KR, - 
«hich,.wil1, therefore, be the sines of the times of observation irom 
noon to the radius VK. Join LM, LN, MS, and let MS, LU, be 
dt^wn perpendicular to LN and BM respectively- Kov, the angle 
KVL ^ VLU = time from noon, when the greatest altitude was 
observed ; the angle LVN = interval of time between the extreme 
observations, ami conieqiientlr VLN =r complonent of half that 
interval. And because the triangles MTS> LTU, ar« similar, therefbre> 
the anele TMS = TLU. 

In the right-aneled triangle LSM, are ^ven, the angle MLS = half 
the arch MN, and LM =s twice the sine of half the arch LM, to find 
MS and LS. 

R : sineMIS :: LM : MS " f LM : f MS. 

Heaca i MS = sine f arch MN. sine |- arch LM 

R : co-s. MLS : f LM: : 11^ = co-s. ^ arch MN. sine ^ arch LH. 

And because the lines CX, CA, and LK, are cut proportionally In 
the points I, B, and T, 

Therefore, CX: CI "LN: LT:: f LN ; J LT. 

„ , , „ CI. sine 4 arch LMN, 
Hence, 4 LT = ?^j » 

And i 15 — i LT :i • TS. 

Now, in the right-angled triangle TSM, 

i TS : ^ ftK : : R : co-tangent TMS = TLU ; 
m. r . __ ,_ i MS sine i arch MN. sine a arch LN 
Therefore, co-tange»t TLU=^-g = ^ TtS "" 

And TLV — TLU = VLU = KLV, 
Or,MTS — JLVN = KVL. Q.E,D. 

Dbmok* 
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Demonstsatior 

Of ibt Methods ofredue'tng the Apparent to tkt True Ditlancii 

Method First, Fagt 150. 

Given tlie apparent distance ms, {6g. 24,) the apparent zenitit 
distances Zm, Zs, and the true zenith £>tances ZM, ZS, to £nd the 
true distance MS. _^ 

Sine Zf. sine Zm : R* .T t. nnettt — ▼, ^neZi — Znt ' t. sine P-i per 
Sine Zi.sme ZM : R' :: V. sine MS^t. sine ZS^M : T.smeP J ^P*^ 
Sine Zf.nnt Zm ; sine ZS. siiie ZMt '.v. sinenu — v. sine Z s — Zw 
:T.sineMS~+.sineZS— ZM 



V.MneMS-*^4 Mne ZS-^ZM = t. sine ms — v. one Z* — Zm 

sine ZS. sine ZM 
.sine Zs. sine Zm' 
e ZS. sine ZM 



. -fvened sine ZS— ZM, 



be the number answering to log. v. sine ms — is— Zm + di 
Then,Tersed sine MS=v. sine ZS^^^M + a. Q.E.D. 

Method Second, Page 15S. 

, ,y ^ sine \ (ZM+Z S+MS).sing;(ZM+ ZS— Mg . 

Co^e] 5^ ■ ^(^^ 2M. sinVZS " I P"" 

_ sine|( Zm +Zj+wj).sine j(Zw i + Zf-«u) f s^^ie- 
"*" sine Zm. sine Z; J 

Now, let A, a, B, and i, be the complements of ZM, Zm, ZS» 
and ZSj respectively ; also, let C and c represent MS and mSi 
Tben,J(ZM+ZS+MS)^(90— A+90— B+C}=9G— |(A+B— C) 
^Z M + ZS— MS)=i(90— A + 90 - B— C)=9&—f(A +B+C) 
4^ (Z»»+Z* +mi) = ^ (90— a +90 — i + c)r^O— i (a+6 — c) 
■ ;(Zw + Zj — ms) = 4(90— a+^O — t— c)=30— i(a + i+c> 
Hence, by substitution, 
Co-sine j^ (A+ B— C). co-sJne | (A + B jj-C) 

sine ZM. sine ZS. 

=Co-sine -J {a + b — c) co-sine 4 (i+b+c). 

sine Zm. sine Zs. 

.^ A + B-C . A+B+C 

Hence, co-sine ■ co-sine — '—^ — 
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a+b+c ainftZM.alneZS « 
2 ' sine Zm. aneZf, 
., , , sine ZM^e ZS . . . . „ , 

Now,log.of, -^-= — .- -=-, IS contained in Tab. xni. whldicall A 
sine ZiiK.sine ,^ * 

Al«,.let e|=f=D,?±A±F = E,aiviA + B==F, 

Then, ( 
I 

Butco-sine^^—.C(>-sine^-t^=iJ<co-s.F+cp-s.C, to radius U 



Hence, y • co-sine F-fcp-sine C= co-sin? D. co.-«ne E. if. 

Let co-sine D.co-sineE. d =aine|* i n. 

Then, J X co-sine F + co-sine C = sinel* f n. 

And co-sineF -i- co-slne C = 2 sinel* ^ »= I — co-sine n. 

But co-sine C ~ 1 - 2 sinei* i C : 

Hence, 1—2 sine|* ^0=1— co-aine « — co-une Fj 

Therefore, sinel*iC=J- x co-sine n + co-sine F» 

, n+F B-F. 



Q. E. D, 



Method Fourth, Pagt 157. 



Let the versed sine of the supplement of the sum of the apparent 
ahitudes = A, that of the true altitudes =o: the versed sine of the 
difference of the apparent altitudes = B ; and of the true altitude* 
= b i the versed ^Qc of the apparent distamfe = D ; and of the tiup 
distance = d. 

Now, A — B ; A — D " 2r : v. une supp. angle at zen.\ ■ • 
And a — li * a — t^ : : 2r : V. siue supp. angle at zenith. J ™ *' 
flence, A — B •" A — D " a~~ij_a—d. 
. ^ , A—Dxa—h 



Method S«th, Page 159. 

Lft sm, fig. 25, be the apparent distance, Sn the distance cleared of 
, refraction, and SM the true distance. From Z draw ZD p»pendicu- 
lar to the distance, which let be bisected in £. 

Then, 



C,„;,zcc..C00gIc 



C «04 ] 

. . , Zj— Z« . , DE 

.. tan. 'tan. — , 

S 2 



per spherics. 



Hence^ tan- arch first ( = tiui.-^ = co-tac. h^snm ik. tan. half diff*. 

altitudes, co-tan. half distance, to rad. i. 
And, half distaaee ± arch first = sD and Dm respcctiTdf = axtiies 
second and third. 
Nov in the right-angled trianglei, 5DZ, Sas. 
Tangent Zi '. tan. Df ^^ R : co-sine r. 
And R : co-s. f * - Sj • So, 

Heitce, Ex. eq. pertur. tan. Zs ; t«D. X)t 'l Ss : Sa = —^ — = — ■* 
^ *^ tan. Zr. 

■ But.Sf = 57". tang. Z*, nearly j 
Hence, Sa= 57". tang. Dji 
And hence, also, ni -■ 51", tang. Dm. 

Sa and nh mavi therefore, be taken from a table of refraction. 
Again, in the triangles m DZ, M c n i 
R '. co-tan. Zni :: tan. Dm : co-s «n:=cn-t. /hi, tan. Dm, 
R : co-tan. Zm. tan. Dt» : '■ Mn : nc^ Ma. co^. Zm. tan. Pnt. 

But Mn = hor. par., sine Zn to radius i. And as Zm may be 
assumed = Z n, therefore nc = "hor. par. tan. Dn. co-sine Zn. 
Hence, P, log, par. in distance := P. log. hor. par. -j- log. co-tan. Di» 
■f log. CO -secant altitude. 
The last correction of parallax is found by mesmsof Table xxil. or 
LZxii. It b the diSerence between Sc and SM, and may be computed 
by various methods The reason for entering the table twice will be 
obvious, from a due constcleration of the triangles S c M, M c n. 

Q.E.D. 



Method Seventh, Page 161. 

In the triangle Zmi, fig. S5, are given the three w^tt, to find the 
angle at each object. Thus, per trigonometry, 

™ co-s. Zj — co-s. Xm X co-s- «# _ 

sine Zm X sioe nu 
■= cos. Zi X co-sec. Z« X co-sec. tns — co-tan. Zn X co4aB. ms. 
Andco-s.Z$m=co-s.Zmxco-sec.ZsXco-sec.flH— co-tan-ZfXco-t.Mf. 
Hence, first correction ^ corr. })'s alt. Xco-cineZiiu. 
And second correction = corr. ^fc'sAlt. X co-sine Zn*. 
The third correaion is found as in the former method. 
From an inspection of the figure It is evident, that the first 
correction is subtractive, and the second additive, when the angles at 
Che MooA and at the star are acute -, and the contrary, when these 
angles are obtuse. For the sake of rendering the optrattoo more 
umple> tHe rule is adapted to proportional lo^anthms. 
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CjEMOnSTRATIOH 

Of the RuU for computing the ttui Altitude of thg Sunt Moon, or a 
fieed Star, Page 188. 

In the spherical triangle ZFS, fig. S I , are given PZ tbe co-btitnde^ 
PS the fthr distance, and ZPS the horary angle, to find ZS die 
co-altitude. Then per spherics, 

Sine PS. BnePZ':K - v-aneZS —v-sone ^ — PZ : ▼•«ne P. 
Hence, v-nne ZSr:v.siae PS — PZ + v-sine P. sine PS. me PZ. to 
radius I. 

Now, PS— PZ = mer. zenith dutance> and ZS = «>4ltitode. _ 

Henccj co, v-tine alt. = T-une, mer. zen. dist. -\- v-tine P. co-iaie 

declination, co-sine latitude. 

Or, becante the difieraice of the Tersed unes is eqaal to that of 
the co-sines, 

Therefore, uneah.^cb-sinemer. zen. ditt T>sine P. co-sine 

declination, co-sine latitude. 

And column of rising is a table of log. versed unes : hence, the rule 
is obvious. Q. E. D, 

Demonstration 

0/ the Method of computing iht Latitude, Longitude, midTime,from 
the sameSel of Observations, Page 194. 

Let P, fig. 36, represent the elevated pole, Z the zenith. A, B, 
a, h, the true and a|^iarent places of the objects. Hence, ZA, ZB, 
Za, Z^jthe tnie and apparent zenith distances: AB, ab, the trve 
and apparent distances, and PA, PB, their respective polar distances. 

The demonstration of the method of reducing the apparent to th? 
true distance, is given in page 302. 

In the spherical triangle BAZ, given ZA, ZB, the true zenith dis- 
tances, andAfithetnie distance of tEeubjects, Required theangleZAB. 
Sine Z A. sine AB : R»:: v-sineBZ — v-sine AZ— AB ; v-sineZAB. 

Or, bj osing a table of natural sines, 
R' Ico-sec.ZA.co-seo.ABI -'co-sine AZ — AB —co-sine B Z : v-sine ZAB. 

Log.co-secant Z A -|- log. co-sec. AB+log. co-5ine AZ — AB— co-»3Z. 
— '2 log. R = log. v-isinc ZAB* 
Now, the co-sine of the difference of any two arches is equal to 
the sine of the sum of the less, and complement of the greater *, and 
colnmnof rising is a table of log. versed siucs. Wherefore, log.secanc 
alt, object farthest from mer. ' + log, cp-secant distance + log. 

sine alt. obj. farthest from nter. ■+■ dist. — sine other (Ejects alt-— 2 log. 

R ^r(log. versed nne an^e ZAfi=:) log. riung of arch first. 

VOL. I. 2 a Id 
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Tn tlie spherical triangle PAB, are given PA, pB, the p»Iar dis* 

tuices, and AB the true distance. Sought the angle PAB. 
Sine AB. sine AP : R* " v-sine BF — v-sine AB — AP I T-sine 
PAB, per spherics. 

Or, by uung natural sises, 

R* : co-sec. AB. co-sec. AP I ' co-sine AB — r AP ^ co-^e BP X 

v«-sed sine PAB. 

R* ; co-sec. dist. sec. dec. oh. fartliest from mer- ' ' sine dut. + dec. 

:p sine other objects dec. : v-sine PAB. 

Log. co-sec dist. -|- log. sec. dec, o'n. farthest from mer. -j- log. 

sine dist. + dec. rj: sine other otqects dec. — 2 log. R. — log. rising 
of arch second. 

[n the spherical triangle PZA, given AZ, AP, the zenith and polar 
distances of the ol^ect farthest from the meridian, and the angle 
ZAP = B AP— BAZ, to find ZP the co-latitude, and the angle ZPA, 
the horary distance of the object farthest fi-om the meridtaa. 
Sine AZ. sine AP : R' "v-sine ZP.—v.«neAZ^^P : v-sine ZAP. 

Now, the radius being 1, the above analogy may be expressed in 
form of an equation^ as follow s. 

Ver-sine ZP— ver-sineAZ — AP=Ter.-8ineZAP.suie AZ. sineAP. 
Hence, v-sine ZP =T-sine AZ— AP+v-sme ZAP. sine AZ. sineAP. 

That is, the natural co-versed sine of the latitude is equal to the 
Bum of the natural versed sine of the difference between the zenith 
and polar distances of tlie object farthest from the meridian, and the 
Tiatural number answering to the sum of the log, sines of these quan- 
tities, and the logarithmic rising of arch third from Table L. 

Or, by substituting natural sines, 
R» : sine AZ. sine AP : : v-sine ZAP : co-s. AZr-AP— co-s. ZP. 

Co-s. alt. . co-s. dec. v-sine ZAP . — r— . , . . 

=; nne alt. ± dec.— sme latitude. 

c- . . i J co-s. alt. co-s. dec. v-sine ZAP 

Sine1at. = smeaU. :;:dec. — ^ 

R 
Let natural number of log. co-sine alt. +1og< co-sine dec. 

-|- log. co-sine ZA P -— 2 log. R = uj 
Then, nat.sine latitude = oat. sinealt ^dec. — a. 
Again, Sine ZP : sine ZA : : sine ZAP : suie ZPA, 
Co s lat. : co-s. alt. : : ane ZAP : sine ZPA, 
Sec. lat. : sec. alt. : : co-sec ZAP : co-sec. ZPA i 
Log. co-sec. ZPA = log. co-sine lat. + log. sec. alt. + loe. co-secant 

ZAP — 2W. R. 
But column of half elapsed time is a tame of log. co-secants — log. R> 
Whence the operation is m^ife^. Q. E. D. 
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DeHOKST RATION 

0/lhe kale fat eempuling the Difference ofLm^ilude between the 
Mbatt andttfieed Star or Planet, PageHO*. 

Let P, fig. 37, represent the pole of the ecliptic, PM the comple- 
inem of the Moon's latittide, PS the complemeitt of the star's latitude, 
MS the true distance between the Moon and StarBand the angle MPS 
their difference of longitude, which is required. 

Now, the polar distances beuig of the same afiection, 
Co-«me4P= /sine j^l'M-i PS + ia3).sine ^ (P M+PS— MS) 
V sine PM. sine PS ' 

Let the Moon's latitude = )rf, the latitude of a ftar =: >, and the 
distance = d. 

Then,^(PM+PS+MS) = ^{JK)— 1»+90— r+<f)=90-f(m + *-.J 
= SO-i{m+s+d)~J. 
ADd,f(PM+PS— MS)=i(90— «+90— 1— J) = 90-i(m+* + <J). . 

Hence, ^ 

Co-3. 4- P =: Vco-s. 4 {« i-s-^-d). COS. ^« +* •{■d)—d. sec. m sec. i. 

Again, let the polar distances be of a difierent affection, 
SineiP— / sine i(MS+MP-PS). siire j- (MS + t^S-MS 

Now, the same notation being used, we have 
i(MS + MP~)^S) = i{d + 90-m — 90-[-s) = l {d + i-^m)=:i 

(d+s + mj—m. 
Aiid^(MS + PS-PM)=i(<^+90 + )j-90+m)=J(,(+i+«). 

Hence, a\iieiP—^aiiie^{d-^/R4~s).auKHd4-m t ») — w. sec. m.sec. s, 

a. E. D. 

DaMbNSTRlTIOlf 

Of the Rule for computing Ike Lnn^itade,from an Observation of the 
Mvon't AltJtvde, Page 22?. 

Let th« Sun's right ascension = s, the Moon's -- r»,the Moob'srela. 
live motion in right ascensiiHiin l2 hour9= d^ Moon's horvy anglv 
= h, and the apparent time = X. 

Now, i2h. :*h::</: -'- 

12 

= k 

13 - ■ ' 

2 A3 «+< 
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12* — Jx=h+m — t. 12 

■_k+m-t . h+m—, _a 

'-12 HZ' ^*-^8orT- '*^* 



DEUONSTRATtOH 
Q/" Ae Bide /or computing the AU'aude and Longitude o/* l3u 



mg the J 
nanaga 



Let dw drcle FEBQ, fi^- 38, rejn-esent the sobtitbl coluK, £Q 
the eqintoTf gsyy.the edtptic, P,p their respective poles, T^A the 
right jtscennon of the meridkn PZAB, whkh puses thrcm^ Z, the 
zenith of the pbce, whose latitude is AZ ; hence, PZ i> the 
e»4atitude, Pp Qie distance of the poles, or the oUiqiutfi^tbe ecliptici 
ZP|>tlierightascensi<Hiaf themertdian£roiny^, ZPSo the longitiide 
of the nonagenmal from SB > N the non^esimal ; hence> 23f is the 
zemth distance, and Zp the altitude of the nonagesimal. 

Method First, Page 2S3. 

In the rijrht-siDgled spherical triangle PMZ, are given PZ the 
oo-bdtade of the place of observation, and the angle ZPM, the 
difference between the right ascension of the meridian and 95, or Vf , 
to find PM. 

aineZ Py. co-ta n, latitode 



R:co.MneZPM::tan.ZP:tan.PM = 



And PM ± I^ = Mp. The uppo'most sign is to bf used when 
the ri|;hc ascension of the meridian is between o and xii. hours, and 
the other ngn when tlte right ascension is between xiL and xxiv. 
ttotm. 

Anin, inthe right-aisled spherical triangles MPS, MpZ, 

une BSP ■ cine Mp : I co-tan. MPZ ■ co-tan. MpZ ; ' 

„ , . , tan.yPZ.co-secanjMP.sineMp 
Hence, tan long nonagesimal ^ — s 

R : secant MpZ : '. tan. Mp : tan. pZ, 

— „. , . ■ 1 _ co-sec. "Y" pZ. tan. Mp 

Wnence, tan. an. nonaeesimal =: -i-L, '. 

^ R Q.E.D. 

Method 
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Method Sscond, Page 235. 

tn die spherical biai^'e ZpF are eiven, ZP the co-latitude, Pp the 
tiUi^aityof the ecliptic, and the aogle pE*Z the right ascension of the 
meridian from V^, to find Zp the altitude, and uie angle Y* pN the 
longitode of the nonagesimal. 

R* ! sine PZ. sine Pp '. I v-sine ZPp : v-^e Zp — v-sine PZ — Pp 
T-sineZPp : co-nneFZ — Pp — co-9. Zp. 

Now, the complement of the difference of two arches is equal to the 
sum of the least arch, and coiDplemem ofthe greater; therefore, as the 
latitude is assumed less than €6f degrees; 

H» : unePZ> MnePp " v-sine ZPp ; sine I^+comp. PZ^co-«. Zp 

R*. sine Pp +comp. PZ — co-sine Zp — sine PZ.sine I^. T-sine Zpp 
TT • ' i-w, T> ■ r, co-sine AZ. sine Pp v-sine ZPp 
tience, sme AZ-(-rp — co> Aoe Zp = =^-s ^ 

. , . ~ _ - A'r[^a co-sine AZ. sine Pp. v^ne ZPp. 
And, co-sine ^ = sine AZ-h Pp ^^ ^- 

Now, column of riang is a table of logarithmic versed sines. 
■ liCt thenat. N^.tolog. co-sine AZvIog. sine Pp+ log. rising ZPp 
— 2 log. R = «, 
Then, co-sine altitude of nonagesimal = sine AZ+l'p — a. 
Again, sine Zp : sine ZP '. • sine ZPp '. sine ZpP, 
T&erefbre, co-sec. Zp : co-sec. Zl* : : co-sec. ZPp '. sec. 7^ pZ, 
Hence,sec ypZ ^ co-scc. ZPp.co-sec. ZP, sine Zp, to radius 1. 

But column of half elapsed time is a table of log. co-secants. 
Ilierefore, log. secant-l^mg. nonagesimal = log. il, E, 1', ZPp 

- + log. ca«ec.'ZP-*-h>g. «ne ZP. to radius 1. 0. E. D. 



0/lhe Ride/or computing the Parallax in Latiiude and Long'tludt, 
Page^iB. 

Let ZNHEP,fig.39, represent the meridian passing thronrfi the 
nonagesimal N, — NE the ecliptic, Pits pole, Z the zenith, X the 
place of an ot^ect unaffected by jrarallax, and M its apparent place, 
both being in the same vertical ZLMn. Through L, M, draw the 
circles of latitude I'Lp, PMp, and through M draw the parallel of 
ht'itude MA ; then will the angle Al'M be the parallax in longitude, 
9nd AL the parallax in latitude. Also ZP :r: NH = altitude ql tlie 
noDagesinial ; MPZ the apparent distance of the planet from the 
AQDage^jnal, and M P its apparent polar distance. 

Ktnr, 
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Koir, in the right-angled triangle ALM, which may he cOostidered 
*i rectilineal, 
R : co-atne AML : : ML : AM ^ ML. co-sine AML. 

*i 1... -. rrt.n ' sine P. sine ZP 

Bnt co-sue AML = sine ZMP = ^ — , — ^.-^ — 
sine ZM 

And ML = hor. parallax, sine ZM. 

Hence, AM := hor. par. sine P. sine ZP. 

A J 1 * ritj ^^' P""- 3'"^ P- sine ZP 
And angle APM = £—..— _—-- • 

^at ij, par.tn Ion— hor. par. sine dist. from non. ^e a!t. irtn. seckf. 
Again, R : co-tang. ZMP : : AM : AL = AM. co-tangent ZMP. 
But AM = hor- par. sine P. sine ZP. 
Hence, A = hor. par. sine P. sine ZP. co-taagent ZMP. 
B« CO Went EMP = "-'" ZPji.e_MI'-c;^?. eo.«.« MP 
Sine P. 
Whence, by substitution, we obtain 
AL = hor. par. sine ZP. co-tan. ZP. sine MP — hoe. par. un* ZP. 
CO. sine P. co-sine MP. 
=:hor. par. co sineZP. slneMP-hor. par. ane ZP. co-sine P 
co-sine MP. 
That is, par. in lat. = hor, par. co-sine alt. n<Hi.co-«ne lat. — hop. 
par. sine alt. non. co-sine dist. of object from non. sine lat. object. 

Q. E. D. 

Dbmonstration 

Of the Ridfi.for eompuling the Lofigiludeo/a Place hg an Ohiervation 
of a Si'lar Eclipse, or an OccullaluiK oj a Fixed Star by the Mvon, 
Puges 239, i!50. 

Let CEi fig. 40, represent a small portion of the ecliptic, S a star^ 
or the Sun's center*, M the apparent place of the i\loon at the im- 
mersion, and L its apparent place at the emersion. Now the parallaxes 
in longitude at the immersion and emersion being applied tothe Moon's 
relative motion in longitude in the interval' between the obser- 
vations, will give the apparent difference of longitude EC, which 
multiplied by the co sine of the Moon's apparent latitude, gives MN^ 
The apparent difference of latitude LN is found, by applying the 
parallaxes in latitude to the computed change of latitude in the 
above interval 

In the right-angled triangle LNM> which may be considered as 
rectilineal, are given the sides MN, NL, to find the apparent indinatiiMi 
NML, and the apparent motion of the Moon in its relative orbit ML. 

MN ; NL : : R : tangent LMN = ^ 
R : secant LMN : : MN : ML = MN. secwt LMN. 

■ But in'thli cue EID «ill ba'S portion of the «1i|iiic. 

AgMT, 
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Again, in the triangle MSL, the augmented semidlameters of the 
Moon{orsum of semidiameters of the Sun and Moon), MS, LS, and 
the Mood's relative motion ML being given, to find the angles SML, 
SLM } to whichf the angle PLM ■= LMN being applied, the angles 
DSM, BSL, will be obtained. 

Lastly, in the right-angled triangle MDS are given SM, and the 
angle DSM, to find DS ; and hence AC, which being reduced to 
time, will be the interval between the immersion and conjunction. 
The interval between the emersion and conjunction may, in like 
manner, be inferred from the triangle SBL ; and if no error be 
committed, the times of conjunction will agree. Now, the time of 
coi^unction, thus fpund, being compared vHth that deduced from the 
Nautical aWuuc, vill give the longitude of the place of observation. 

Q. E. D. 



Reuakx. 

If the time of conjunction be inferred from observations made at 
another place, then the difference between the times of conjunction at 
the two places will be the difference of their meridians in time % and, 
hence, the longitude of the other place being knovm, tbat of the ^ven 
jdace will be more accurately determined, uan by a comparison with 
the Nautical Almanac, 
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}'ariou$ Jilethods of finding the Latitude of a Placet 
and the Variation of the Compass, 



Ofjind'mg ike Latitude of a Place. 

Introductiun. 

X HE situation of a place, with respect to the equator, mi aocientlj 
ijettirmineil, by ascertaining the length of the longest day, and by 
the comparative length of the shadow of a Gnomon at that time. 
This instrument was afterwards uspd in many astronomical observa- 
tions, such as for determining the obliquity of the ecliptic, the time^ 
of the tropics and equinoxes, the length of the year and seasonsj &c 
The method of reckoning the latitude in degrees and minutes being 
introduced, instruments for observing altitudes were divided accord- 
ingly. — The Aslrolnbe^ (a circular ring, having a moveable index and 
fights^ was applied to observe altitudes at sea< It was, however) 
supplanted by the Cross Stiiff', and that again by the Quadrants rf 
Davis and Hadley, in succession. 

1 he most simple, and at the same time the most accurate method 
of determining the latitude of a place, is by an observation of the 
meridian altitude of the Sun, or of any other of the celestial bodies ; 
and, therefore, such observations should not be neglected, when 
possible to be observed. It, however, frequently happens, that the 
meridian altitude cannot be observed, by reason of douds, fog, &c.i 
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or tbat the deditution of the objea is uokoonm. In HuK cues^ 
therefore, recourse must be had to other methods. 



Ghen the Sun's Meridian AltiiuJt, tojind the Latitude of the Place 
of Observation, 



Find the true altitude of the Sun's center, by Prob. x. page 104- 
Call it S or N, acccH'ding as the Sua is south pr i^orth at the time of 
observation, which, subtracted from 90°, will give the zenith distance 
of a contrary denomination. 

Reduce the Sun's declination to the meridian of the place of obseri 
vation, by Prob. v. page 99. Then, the sum or difference of the . 
zenith distance and declination, according as they are of the same, or 
of a contrary denomination, will be the Utitude of the place <tf obser- 
vation, of the same name with the greater'. 

Examples. 

r. 

October 17, I810,inlongitude 32° £. the meridian altitude of the 
Sun's lower limb was 48° 53' S. height of the eye 18 feet. Reguired 
the latitude ? 

Obs. alt. O's low. limb 48^53' S. 0's dec. Oct. 17, noon 9" 7'S. 
Semidiameter - - + 16 EcjDation, Table xiii. -- 2 



Dip and refraction 

True alt. Sun's center 49 4. S. Zenith distance - - 40 56 K 



Reduced declination - 9 5 S. 



November 6, 181 1, in longitude 158° W. the meridian altitude of 
the Sun's lower limb was 87°37'N.heightofthecye I2feet. Required 
the latitude i 

• A method Terr ofi™ pncitsnl «( sea, especiilly by coaswn, is, to correct ihc obsenreil 
■llHude, by ■dding W; and from thence, and the decllnuion. the lilinvfe ri to bi bnnd. 
Or, tabtiact the altitude ftora Se" 49', and the declination applied to ihe remainilei iriit 
b« the latitude. Thoe method* may no doubt kite ibe latitude tolcntbly exact in ioihb 
cue*, hut in other*, the maiinet nilJ be tieceived above half a depee j and in any cue 
(hey aie •ddoa frM of eitof. 
TOL. I. ■ 2 s Mer. 
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Mer. alt. Sun's 1. limb 87° 37' N. ©'a dec. p. N. Aim. 1S« 48'.8S. 

Semidiameter - + 16.9 Equal. Tab. xiii. + 7.6 

Dip and refraction — 3.3 

Reduced declination IS 56. iS. 

True altitude - - 87 49.9 N. Zenith distance - 2 10 .IS. 



Rbuare. 

The dip of the horizon, in Table iii. answers to a free or unob- 
structed horizon j but if the land intervenes, and the ship at no gr«t 
distance tfaerefrom, the dip will bo considerably greater, and that in 
proportion to the nearness of the ship to the land. This dip may be 
found as follows : 

Let two persons observe the Sun's altitude at the same instant, the 
one being as near the mast head as possible, and the other on deck 
immediately under. TTien to the log. of the sum of the heights <rf 
the observer above the aea, add the ar; co. of the Ic^. of their differ- 
ence, and the log. sine of the difference of altitude ; the sum will be 
the log. sine of an arch. Now, half the sum of this arch, and the 
difference of altitude, will be the dip answering to the greatest height; 
and half their difference will be that corresponding to the height of 
the lowest ciwerver. 

If the distance of the ship fi-om the land is known, the dip may 
found in Table it. 

This remark, in a similar case, is to' be appUed to (be foUowing 
problems. 

EXAU?LB. 

Being close in with the land, S^ember 28, 1812, a perscm on 
deck, 1 6 feet above the water, observed the meridian altitude of the 
Sun's lower limb to be 29" 51' S. and another ohwrver on the cross 
trees 68 fret above the sea, found the altitude at the same instant to 
be 30° 8' S. Required the latitude ? 

Hright - - 68 feet 



Sum - - - 84 - - - log. - - 1.9S4M 
Difference - 52 - - ar.co.log. - - 8.2840a 
Diff.dfalt. 0° IS' - - - «ine - - 7.57767 



Smn - - 84 Half = 1 7' = dip to the greatest altitude. 
Difference 6 Halfzz 4 == dip to tfaeWt altitude. 

Ahitnd* 
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Altitude - - - SO" 8'S. 

San't semidiameter - +16 

Dip - - - - -^ 17 

Re&action - - — 2 



True altitude . • 30 5 S. 
Zenith distance - - 59 B5 N. 
Declination - - 8 14 S. 



Given the Meridian Altitude of a Fixed Star, to ^ttd the Latitude 
of the Place ofObiervaiion. 

Rdlb. 

Reduce the observed to the true altitude, by Prob. ix. page 103, 
and find the star's zenith distance. Take the declination of the star 
from Table lii, and reduce it to the time of observation. Now,the 
sum or diderence of the zenith distance and declination, according as 
they are of the same, or of a contrary name, will be the latitude of 
the place of observation. 

ExAMFLB. 

December 1, 1812, the meridian altitude rf Sirius was 59" 50' S. 
height of the eye 14< feet. Required the latitude ? 

Observed altitude of Sinus - - 59° 50' S- 
Dip and refraction • . —• i 



Truealthuda - - - 59 46 S. 
Zenith distance - * - SO U N. 
Dedinatioo of Sinus - 16 28 S. 



Given the Meridian Altitude of a Planet, tofind the LtUihtde of the 
Place of Observation. 



Compute the true altitude of the planet, as directed in last pro- 
blem*. Take iti declination from the Nautical Almanac, and reduce 
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it to the time of observation. Then the sum or difference of the 
zenith distance and declination of the planet will be the latitude as 
before. 

Example. 

April 25, 1812, the meridian altitude ofSatumwas 68" 42' N. and 
height of the eye 15 feet. Required the latitude ? 

Observed altitude of Saturn - 68°t2'N. 
Dip and refraction - - — 4 

True altitude - - - 68 38 N. 
Zenith distance - - - 21 22 S. 
Declination - - - - 22 21 S. 



Given t]ie Meridian AUihide of the Moon, to find tke Latitttdn of the 
Place of Obtervation, 

RVLE, 

Take the ntimber from Table xx. answering to the given longitude, 
anddaily variation of the Moon's passing the meridian; which beiitg 
applied to the time of transit at Greenwich, by addition or subtraction, 
according as the longitude is west or east, will give the time of passage 
over the meridian of the ship. 

Reduce this time to the meridian of Greenwich, and Snd the Moon's 
declination answering tliereto, by Prob. vii. page 102, and the hori- 
zontal parallax and semidiameter, by Prob. viit. 

Corrert the observed altitude of the Moon's limb, by Prob. xi. p^e 
105. Hence, the Moon's zenith distance will be known ; the sum or 
difference of which, and the declination, will be the latitude of the 
place, as before. 



' ExAurLE. 

June 21, 1812, in longitude 30° W. the meridian altitude of 
the Moon's lower limb was 81" 15' N. height of the eye 16 feet. 
Required the latitude ? 

T. pas. over mer. Greenw. = 9h 38' ]) 's dec. at midn. — U" 34 S. 
Equation, Table XX. + * Eq.totimefnMnmidn.— 2 

T. pas. over mer, ship - 9 42 Reduced dec. - - 14 32 S. 

Longitude 
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Time pass, over mer. ship 9h 42' ,- „-/ 

Longitude in time - 2 Moon's hor. par. - 55" 26 

■ Moon'ssemidiameterlS 6 

Reduced time - - 1 1 42 Augmentation - + 1* 

Augmented semid. 1 A 20 
Observed alt. Moon's lower limb = 81° 16' N. 
Auemented semidlameter - +15 
Dip . - - - - * 

Apparent alt. Moon's center - 8126N. 
Correction, Table IX. - +8 

True altitude - - - 81 34N. 

Zenith distance - - • 8 26 S. 
Declination - - - 14 32 S. 



Remark. 

If the object, at the time of observation, is in the opposite meridian, 
then the sum of the true altitude, and the complement of the declina- 
tion, will be the latitude. If the altitude is negative, it must be 
subtracted from the polar distance, in order to obtain the latitude. 

Examples. 



July I, 1812, in lon^tude 15° W. the meridian' altitudeof the 
Sun's lower limb was 8° S8', height of the eye 18 feet. Required 
the latitude i 

Sun's dec. at noon = 25° 7'.6 N. Ob. alt. 0's 1. Umb = 8" 58'.0 . 
Eq.Tablexiii.to 15° — .2 Semidiameter - + 15.8 
- - tol2h. - — 2.2 Dip and refraction — 9.8 

Reduced dec. - • 23 5.2 True altitude - ■ 9 4.0 
Polar distance - - 96 54.8 - ... 66 54.8 



May 18, 1804, in longitude 20° E. at midnight, the Sun's lower 
limb was observed to be in contract with the horizon, height of the eye 
12 feet. Required the latitude ? 
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Sun's dec. at noon = 19° 35' 

Eq.Tibleiill.w20°E-— 1 

- - to ISli. - + 6 



Reduced declination - 
Polar distance 



19 40 
M SO 



Obieriedalt. - V or 
Semidiuoeter - - -f- 16 
Dip and refrution - — 36 

Depression 
liStitude 



Giwm equal AlHtv^e of the Sua observed the same Daxft with the 
Nerval of TiiM between the OiservationSf tojiad the Latitude. 

Method Fibst, 
WtthotU a supposed Latitude. 
RcLE. 
To the co-tangent of the declination, add the co-sine of half the 
interval in deyees, the sum nfill be the co-tan^t id arch first. 

To the co-iecant <^ the declination, add the siae of the utitude, and 
the sine bf arch fi«t, the sum will be the co-sine of arch sicmd. 

If the latitude and declination are of the same name, the sum of 
arches first and second will be the latitude j but if of contrary names, 
their difference will the latitude. 



KXAMPLB. 

In north l^tude, at llh. KV, and at 12h. ^O* per vatch, the alti- 
tude of the Sun's limb was the same ; which being corrected, was 
26" 55', and the Sun's declination 5" 17' S. Required the lati- 
tude? 

Declination - 5° 1?' co-tan. l-OSSgS - co-secant 1.03583 
Halfinter. 45= 11 IS co-sine 9.99157 alt. 26" 55'. doe 9.65580 

Archfirtt - 5 23 co-tan. 1.02555 - - sine 8.97229 

Arch second - 62 32 - - co-sine - - 9.66392 

Latitude - 57 9 N. 
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Method Second. 

The Latitude by Account leing given, 

Rdlb. 

Take the log, answering to half the observed interval from column 
of rising, to wMch add thelog. co-sines of the declination, and latitude 
by account. Find the natural number answering to the above sum ; 
which being subtracted from (he natural co-ver. sine of the corrected 
altitude, will give the natural ver. sine of the meridian zenith dis~ 
tance, and hence the latitude is to be found as formerly. 

EzAUFLE. 

JuncJS, ISIO, inlatitnde 42*30' N. by account, at Ilh.SO' A.M. 
per watch, th^ altitude of the Sun's lower limb was 69° 3', and at 
]2h. 31'. the Sun had the same altitude; height of the eye 24 feet. 
Required the latitude i 

Time per watch - 1 Ih 82' Observed altitude . - 69° S' 

12 31 Semld.— dip and refr. -t- 11 

Elapsed time • 1 I True altitude . - 69 14 

Half elapsed time - 30' 30* - - rising - - 2.94656 

Beclinaiion . - 23 8 - - co-sine - - 9.96360 

Latitude by account 42 50 • - co-sine - - 9.H6530 

Altitude - - 69 14 Nat. co-vtf . sine = 06497 

Nat. num. - - 596 - 2.77546 

Mer. zen. distance - 19 47 Nat. ver. sine - 05901 
Declination - - 23 8 

Latitude - • - 42 £5 M. 

If the ship makes any considerable run in the interval between the 
observations, the change of altitude, inconsequence of that run, is to 
be estimated, and the index of the quadrant altered accordingly. The 
observed interval is also to be corrected by the change of longitude. 
See Prob. viii. The half interval should also be corrected ny the 
equation of equal altitudes, page 109. 

Problbu VI. 

Given two jfUittules of the Smt, and the AppareiU Times tif 

Ohservatimj to find the LaAhtde and Declination. 

RtrLB. 

To the ar, co. of the log. of the difference of the natural versed sines 
of the tiines bom noon reduced to degrees, add the log. of the versed 
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sine of the greatest interval, and the log. of the clid*erence of the na- 
tural sines of the corrected altitudes, the sum will be the log. of arch 
first. 

To the constant log. 5.301OS, add the two last-mentioned logs. th« 
sum will be the log. of arch second 

The sum of arch first, and the natural sine of the least altitude, will 
be the natural co-sine of arch third i and this naturah co-sine being 
subtracted from arch second, leaves the natural co-sine of arch fourth. 

Now, half the sum and half the difference of arches third and fourth, 
wiU be the latitude and declination respectively. 

Rbmark. 

The apparent time of each observation may be found, by t^ing 
equal altitudes, and correcting the half interval, by the equation an« 
swering thereto. 



At 9h. 83' 20' , A. M. apparent time, the true altitude of the Sun'i 
center was 34" 29': and at lib. 9' 3a", the altitude was 42° 19', 
Required the latitude and declination ? 

T. fr. n. 39° 10' N. V. S. 22469 log. = 4.35158 CMi. log. 5.30IOS 



Oifirer. - 
Alt. - 42 19 N.sine 
- 3» 29 - - 


20054 ar.co.Iog 

67323 

S66I7 


.6.69780 


Differ. - 


10706 log. 


4.02963 


Arch I9t - - - 


11995 . - 


4.07901; 


Least alt. 34 29 N. sine 


56617 




Arch 3d +6 40 N. co-s. 


686ia - 


. 


Arch 4th 67 34 


Natural co-sine 


. 



Sum- H4 14 half^ST" 7' N. = latitude 
Difi«r. 30 S4 half = lo 27 N. = declination. 

Suf^wse the above observation to have been made some time between 
June and December, in the year 1812 ; then the time^ answering to 
this declination, is .August 26th. 
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Given the Latitude ly Account, the Deeltnalim, and two ohseroed 
jitlitudes of the Sua, and the Time elapsed ietween them, tojind the 
triie Latitude *, 

Rule. 

To the Idg. secant of the latitude by account, add the log. secant of 

the declination ; the sum, rejecting 20 from the index, is the log. ratio. 

To this add the log. of the difference of the natural siresf of the tvro 

altitudes, and the logarithm of the half clasped time &om Table 

XLVIII. 

Findthis sum in table of middle time, and take out the corresponding 
time, the difference between which and the half elapsed time will be 
the time frcnn noon, when the greatest altitude was observed %. 

Take the log, answering to this time from table of rising, from 
which subtract the log. ratio i the remainder b the logarithm of a 
natural number, which being added to the natural sine of the greater 
altitude, the sum is the natunu co-sine of the meridian zenith distance; 
from which, and the Sun's declination, the latitude is obtained as 
formerly j|. 

If 

'Themetboft orfin^nf thtlitiiudefarmoaltiludnof ltieSnnani3clipiedtime,TH 
propowd bf Mr. Robcit Hiiu, in hi* TrEatin on thcGIobca, which wu fine published 
in the JUT itM, and loWcd by him upon ihe globe. Thii pcoblem wu iHolVcd, by 
projection, by Mr Juha Coliini, in Ihe thiid part oT hii book entiitrd Ike Mtriner't 
Stale nno plmn'd, prinled in Idsg, page ii ; xn'I it ii pcitbimed, in ■ itirecl manner, 
tf etIcoMoa, in Leadbtues't AilTORiimg of iht Salellita of Jupiter, prinlnl in 1740, 
page 39 ; and lince by many tucceedin; wiiieii. And in ihe Trcutise on ihe Use o{ the 
Slidini; Guntcr, by Che author of this woik, the method of laolving thii problem by that 
inMrumenl i) given. The pretent solution ii (hat which wia given in the jIcU) de CAca^ 
dimiede //oorjns foe I7S4, by M. Comelius Dniiim. The invei ligation of this method 
j( given in the PtUl. TVaiuaclioni for 1700, by Dr. Pembcrton | in iha ConnoiiUBicr dn 
Ttmpt. for 1703 i and Phil. Trimiacliotit For 1797, by Don Joieph dc Mendoza y Ri»i 
f od by Kveral other writers apoa naviguiuo. 

t The table of nat. veraed lines miybcuiedin place of that of sat. sines. In that cue 
Ihe lo(. of ihediS^renceoT nat. co-verscd sines of the alliiudei ii to be taken -, and the 
ttaiufil nambrr Muwering to the esccss of the log. rising rtiove the log. ntio, beiiw 
■ubiracieit from the nat. co-venAl sine of the gteateat altitude, will give ibe nat versed 
of llic meridian zenith disnocc. 

I The sum of the half elapsed time and middle time may be taken. In this case, the 
imturil number is 10 be added to the natural sine of the least altitude, to fiiKl Ibe naluni 
co-sine of the meridian zenith distance. 

g This method is only an approiimaiion, and requimto be used under certain reatric- 

Thc obicmtions most be taken between nine o'clock in the (brcnoon, and ihres in the 
■ftemoon. If both tibterrBtions be in the forenoon, orlxiih in ihci<rtern<ion. the interval 
must not be less than lite riL!<tince of the abservatiim of Ihe gieateil altitude ftoin noon. 
If i»ie oburvaiion be in Ibe loienoun, and the other ia the aflrtnoon, the interval must 
not exceed four hours andahalf^ and in all cases, the nearer the gteatet altitude 11 to 
jioon the better. 

If the Sun's meridian zenith disianu be less than the latitude, tb« limiiUioM aieiiill 
VOi. I. 9 T more 
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If tfae latitude thm found differs considerably from that b^ accoont, 
tbe operation is to be repeated, using the computed latitude in placet^ 
that by account, until the latitude last found agrees nearly with that 
used in the computation. 

Examples. 
I. 

Junp ♦, 1801, in latitude by account 37" N. at 1 Oh. SSK forenoon 

per watch, the correaed altitude of the Sun waa 65" 24', and at I2h. 

31', the altitude was 74" S'. Required the true latitude ? 

T.p.watch. Alt. G's cent. Nat.sine.Lat.byac. 37° ff sec. 0.09765 

lOh 29* 65° 2*.' 90921 Declinat. 22 27 sec. 0.03423 

12 SI 74 8 96190 

. Logarithm ratio - 0. 1 31 88 

2 2 Difference 5266 - - log. - - S.7SI48 

J 1 . - - Half elapsed tijne - - 0,57999 

31 10 - Middle time - - - 4.43355 

29 50 - - - RiMHg ... 2.92740 
Log. ratio - - 0.13188 

Natural number - - 62* - -■ • ?.79553 

Greatest altitude 74 8 N'. sine 96 190 

Mer. zenith dist. 14 3oN.co-s. 9681^ 
Declination - 22 27 



Remark*. 
I. 

Thedia^encc between the half elapsed time and the middle tfauei 
is the time from noon when the greatest altitude was observed ; if, 
therefore, that altitude had been observed in the afternoon, the 
difference between the time per watch of that observation, and the 
rising, would be the error of the watch j but if the greatest altitude 
had been observed in the forenoon, subtract the rising from twelve 
hours, then, the difference between this time, and that, when the 
greatest altitude was observed, will be the error of the watch. 
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Thus, in the preceding example, the greatest allituJe was 
observed. 

Per watch at - - ,31' 0' 

Kising - - . sg 50 

Watch fcst - 1 10 

11. 
If the greatest altitude be observed near noon, the latitude to be 
used in the computation, instead of that by account, may be deduced 
nearly, according to circumstances, from the above altitude and 
declination, particularly if no observations have been made for some 
days. This will be exemplified in the following 

ExAHyLE. 

II. 

October 20, 1810, at Oh SO* per watch, the corrected altitude of 
the Sun's center was 36° 26' towards the South, and at 2h. 50' the 
true altitude was 24" S4>'. Required the true latitude i 

Greatest altitude - - - S6°26'S. 



Zenith distance - - • 53 34 N. 

Declination - - - - 10 I3S. 



Latitude to be assumed . . 43 21 N. 
Time per watch. Alt. Nat. sine. Lat. assumed. 43''2rsec.0.13F36 
Oh Stf 36° 36' 59S89 Declinatioti 10 13 sec. 0.00694 



2 50 24 84 41575 - Log. ratio 

1 15 . - 17841 - Log. 

2 30 . '. - Half elapsed time 


0.14530 

4.25076 
0.492eO 


1 SI 10 - . . Middle time 


4.88896 


' 16 10 - - - Rising 


2.39S67 


Natural number - 178 

Nat. co-i.m.z.dist. . 59567 . 53°26'N. 
Declination - 10 13 S. 


2.25037 


Latitude - - 43 I3N. 
Rem A r.K. 





In this example the log. ratio is subtracted from the log. nsing 

without placing it underneath ; and the natural number answering 

thereto; u placed immediately under the natural sinea^ and added 

B T S to 
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to the greatest, without taking it down j by this means the work 
is contracted. 

Example. 

III. 

October 18, ISO*, in latitude +9" 49' N. by account, at Oh. 32' 

per watch, the altitude of the Sun's lower limb was 28° 32', and at 

2h.+ritwas 19° 25„ height of the eye 1 2 feet. Required the true 

latitude i 

First observed altitude - 28" 32' Secotid altitude - 1 9" 25' 
Semidiameter - - +16 Semidiameter - + 1« 
Dip and refraction - — 5 Dip and refraction - — g 

True altitude - - 28 43 True altitude - 19 35 

T. p. watch. AU. 0'scent. Nat. sine. Lat.by ac.49' 48' sec. 0.19013 

Oh 32' - 28° 43' - 48048 Declination 9 39 sec. 0.00619 

2 41 - 19 35 - 33518 

Log. ratio - - 0.19632 

4.I6S27 
- 0.53637 



8 9 
1 ♦ 30 


Di£ 


145S0 Log. - 
Half ebpsed time 


1 37 


■ 


Middle time 


3S 30 


Rising - 
Log. ratio 


Natural number 
Greatest altitude 


- 38 43 


- - 639 

Nat. sine 48048 


Mer. zenith dist. 
Declination 


- 60 52 
9 39 


Nat.c&-s. 48687 



3.00164 
0.19633 



Latitude - - 51 13 

As the latitude, by computation, diflers 1" 25" from that by account, 

the operation must be repeated. 

Cwnputed latitude - 51' 13' secant 0.20316 
Declination - - 9 39 secant 0.00619 



Logarithm ratio 
Dinerence iiat. sines 
Half elapsed time 


. 1«30 
lh4'30' 

1 »0 10 


-"log. 
-log. 

-log. 

-log. 


- 0.20935 
■ ♦.16227 
- 0.55637 


Middle time 


- 4.92799 


Rising ... - - 
Logarithm ratio - 

Natural number 


35*0 

- 7*5 


. 3.08225 
20935 

. ».87190 
Natural 
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Natural number - - - 74-5 
Greatest alt. - 28" 43' N. sine 48048 

Mer. zen. dist. - 60 48 N. co-5.4879S 
Declination - 9 39S. 

Latitude - - 51 9 N. 

As this latitude differs only 4' &om that qsed tn the ccnnpntatloi^ 
it may, therefore, be depended on as the true latitude. 



Pbobleu vin. 

Given ike Lalilvde by Accowit, the Declination, and two observed 
Altiimdes of the Sun; the elapsed Time, andlhe Courts and Distance 
run between the Observatioru, to find the Ship's Latitude at Ike 
Time of Observatiat of the greatest Altitude. 

Rule. 

^nd the angle contained between the ship's course and the Sun's 
bearing, at the time of observation of the least altitude, with which 
enter a traverse table ; and the difference of latitude, answering to the 
distance made good, will be the reduction ot altitude. 

Now, if the least altitude be observed in the forenoon, the reduction 
of altitude is to be added thereto, if the angle between the ship's 
course and Sun's bearing is less then eight points ; but if that angle 
is greater than vigbt points, the reduction is to be subtracted &om the 
least altitude. Ii the least altitude be observed in the afternoon, the 
reduction is to be subtracted therefrom, if the angle between the ship's 
course and. the Sun's bearing is less than eight points ; but if greater, 
the reduction is to be added to the least altitude. 



The difference of longitude in time between the observations is alEO 
to be applied to the elapsed time, by addition or subtraction, according 
as it is east or west. Hiis is, however, in many cfses so inconsider- 
able as to be neglected. 

With the corrected altitudes, and the interval of time between the 
observations, the lat. by D. R. and declination ac the time of obser- 
vation of the greatest altitude, the computation is to be performed by 
the last problem. 

EZAUPLES. 



June 6, 1804, in latitode 58" 14' N. by D, R. at lOh. 54' A. M. 
per watd^ the dtitu4e of the Sim's lower limb wa: 53*^ iT; aqi at 

Ih. 
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Ih. J7', th«altitodewasB2°51',andbeariiigpercanipa«S.'W.bf'W. 
Tht dap's coarse daring the elapsed time was S. by W. -^ W. and 
hoorlyntec^sailingSknotSjtbeheightof thecTeiefeet. Required 
the true latitude at the time of obserration of the greater altkude ? 
O'l bearing at 2d ot». S. W. by W Interval betw.obKrr. Sh 2S' 
Si^'scoone - S.by W.^ W. IHstanceniD=22S=8=I9o». 

CoDtained an^ - - 3 j points. 

Vam, to come Sf points and distance 19 milei, the difierence of 
latitude is 14.7 or 15 miles. 
Fu« observed alt. =: SS'lT' 
Semidiameter - +16 

JJip and refraction - — 4 



True altitude 



- 53 29 



Second obser. ahinide 

Semidiameter 

Dip and refiractim - 

ReductiMi 



52" 51' 
+ 16 



Time per watch. Altitude. Nat. sines. Lat. hy ac. 58* 14^ sec. 
lOh 54' - 53*29' - 80368 Dedinat, 22 40 sec 

1 17 - 52 *S - 79653 

-'■ ■- -I- Logarithm ratiii - 

2 23* Difference -7 15-- -log-- 
1 11 30 - - - Half elapsed time - 



62 48 
0.37863 
0.03491 

0.31354 
2.85491 
0.51294 



5 SO - - 


- - Middle tune - 

Rising ... 
Log. ratio , -^ . 

- 2001 
- 53 2g Nat. sine 80368 


5.68079 


16 0- 


3.61469 

0.3 1354 


Natnral number 
Greatest altitude 


. 3.301 15 



Mer. zenith distance - 34 33 N. co-une 
Declination - - - 22 40 



Latitude - - ■ 57 13 

Since the computed latitude differs so much from that by account. 



it will be necessary to repeat the operation. 
Computed latitude - - 57" 13' 



ss 4u - secant 



logarithm ratio 



- 0.26643 

- 0.03491 



0.30134 



•TheoorreclkHi orthecUpiedlime a hereneglectct. It, howrver, Diaj be bund tha*. 
The vaiiation inferrMl From ihcobicrTMioni ii atx>u< ii puinu W. Henccihetmccoanc 
ii SjE, to whicli ind Ihe ditunce lam. ihr dqnnute ii !'. 8, xnd (o laiiiudc 57% ud •'.a 
Inalu. column, iheilistince ■> 5', mbicti leduccd tuiimc ii'io" tddiiive, bc«auietbe 
diSeicDCc of loiiEiiudc h cui. 

Logarithm 
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Logariilun ratio - - - ... e.30IS4 

Difference natural sines • - 715 - - log. . . 2.85431 
Half elapsed time - - 1 11 30 - - log. - - 0.51294 



log. - 



Risiog - - - 16 10-- log. - - 3.61686 
Logantlun ratio - - - - - _ _ 0.30134 

Natural number - . - 2068 - - 3.3155^ 

Greatest altitude - 53 S9 N. sine 80368 

Mer. zenith dist. - 34 29 N. co-s. 82436 
Declination - - 22 40 



As this latitude differs only 4 miles from that used in the compu> 
ation> it may, therefore, be depended on as the true latitude. 



II. 

September 14, 1814, in latitude 39** 12' N. by account, and lon- 
ntude 27° W. at Oh, 28' A. M. per vatch, the altitude of the Sun's 
bwer Umb, was 40" 42', and azimuth per compass S. E j- S. at 1 Ih. 
IS" A. M. the altitude was 53° 11'. The ship's course during the 
elapsed time was W. ^ N. at the rate of g knots per hour, and the 
height of the eye 18 feet. Required the ship's true latitude at the 
time of the second observation I 

©'shearing at 1st obs; S.E.JS. Reduced decimation - S<'S4'N. 
Ship's course - W. 4. K. Elapsed time - - Ih 48' 

■ Distancenm=:lh.4S'X9sl6[n. 
Contained angle - 1 1| points 
Sni^lement - - 4^ points. 

To course 4^ points, and distance run 16 miles, the difference of 
latitude is 10'.7, or 1 1 miles. 

First c^Merred altitude 40° 42' Sec<Hid observed altitude 53* 1 1' 

Sun's semidiameter - +16 Ssmidiameter - - + 16 

Dip and refraction - — 4 Dip and refraction - - — 4 

Reduction of altitude - — II 

— — Corrected altitude - 53 23 
Reduced altitude - 40 43 

Time 



D,g,t,z.ctvG00gIC 



t 528 1 

Uneptrmtcli. Altitude. Nat. sine. Lat. byac. Sff" 12' lee. 
91i 26' - 40° 43* 65292 Declination S 34 ssc. 
II 16 - 53 23 80264 t 

■ - Logarithm ratio 

1 48 Difference - 15032 - - log. - - 
54 - - Half elap»d time 



1 37 


Middle time 
Rising 


Natural number 


1376 



0.10466 
0.00084 

0.10550 
4.17702 
0.6S181 

4.91433 

3.24427 



Mer. zen.dl5t. 35 16N.co-$. 81640 



Decimation - 3 34 
Latitude - S8 50 


- 15032 

54 

1 97 50 


secant 


fog. ■- 
log. - 

log. - 

■ log- - 


0.00084 
0.10848 


Logaritlun ratio 
Difference natural sines - 
Half elapsed time - - 


0.1093S 
4.17708 
0.63181 


Middle time 


4.9181S 


Ruing . . - 


43 50 
1418 


3.S6089 


Natural number - - - 


S.151S7 



Mer. zen dis. 35 14 Nat. co-s. 81682 
Declination - 3 34 



To find ihe LelUade hy double AUltudes, and the elapsed Tme^ bg 
Meant of a Table of Log. Sines and Secants only. 

RULR. 

To the log. co-sine of half the sum of the true altitudes, add the 
log. sine of half their difference, the log. secant of the declination, the 
log. secant of the latitude by account, and the log. co-secant of half 
the interval of time between the observations reduced to degrees ; the 
sum will be the log. sine of arch first. 

To the log. co-sine of the declination and latitude, add the constant 
log. 0.30103, twice the log. sine of half the difference between the 
^fintervalandarch£r9t,andtbeIog. secant of Che estimate meridian 

altitodci 
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^titnde ; the nun will be the log. due of arch second, which, heiuf; 
added to the greatest altitude, will give the meridian altitude, and^ 
heu'ce, the latitude is found as umaL 

Example. 
In latitude 57" N. by iccoant> at JOh. 51' A. M. thecorrected 
altitude of the Son's center was 35^18'; andatlh.O' PaM. the 
altitude was Sd" 55', the Sun's declination being 5° 17' S. Kaouired 
the latitude ? \ 

Greate«alt. 2e'65'Inter. = 2li 9',&-^ *''- 
Lean ak. - 25 18 



= I6*'7f=half interval 
in degree*. 



Sum 



- 5S 15half=S8 6f co-une g.9 



8.14645 

a00185 co-tine 9.99SI5 
036S89 co-dne g.7S6ll 
0.55637 con. log.O.SOIOS 



Difference - 1 97 half =: 48^ sine ' 

Declination - 5 17 - - secant 

Latitude - 57 - - secant 

Half interval 16 74 - - 

Archfrst . *49\ - 

Difference 11 18 - - Est. mer alt. S?" 43' secant - 0.0529$ 

lialf - - 5 39 - • Twice log. sine = 8.99322x2=8.98644 



8.9S482 



Arch second - - 0°4l' - 
Greatest altitude • 26 5S 

Meridian altitnde 27 3d 
Zenith distance - 62 24 N. 
Declination . - 5 17S. 



Tofini tht Latitude by Observations taken near Iht Meridian oTid 
Prime Vertical. 

Rule. 

When the Snn is near the east or wnt poiau, let its altitude be 
observed, from which, the estimated latitude and declination, ctaife 
pute the Sun's distance from the meridian, bj Prob. ri. page l25 \ 
which, being applied to the time of observation per watch, will give 
the time per watch when the Sun is on the meridian. 

Now, observe the Sun's altitude when near the meridian ; then 
the difference between the time per watch of observation, and the time 
of noon before fomtd, will be the Sun's distance from the meridian at 
the time of that observation, with which, and the altitude and declin»* 
tioo, cranpatethe ro«TidiaB altitode byftobiTtaod hence the true 
latitude witt bf knowo. *. 

VOL. I. So AlloFanw 
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AUnnDce n to be made for Av chaoge of loilgkDdfc in the idteml 
bHir«n the observations. 

Example. 

• AprO 39, 1803, in latitude 68' N. bv agrount, and lopgitnde 15" 
ttr. at 6h. 45' 3*" A, M. the correct altitude of the Snn's center vas 
lV"58',and at I'h. tZ* IS", the true altitude was 36' S'. Required 
tltc tr^ lacittide ? 

Declination at time of 1st obs.= 1 ♦" 12' N. at the time of 2A= 1 •■"iSK. 
Altitude - - - 17" 58' 

FoUr distance - - *iS iS - - cosecant - - 0J>1S48 
Latitnde - - - 68 O - - secant - - 0.*S6*9 



Half - 

Diffemce 



161 4« 
80 53 - . 
63 55 - 



S8 58 - • line W - 



9.S076S 
934966 



19.607 1* 
. 9^79SfiT 



Time from noon - 5 1 1 44 
Time p. watch of obser. 6 45 S4 




Time p. watch of Docm 11 57 16 LdL 68° V co one 
Time of second obser.- 11 42 18 Dec 14 16 co-sine 


g.57358 
9-98640 


Difference - - 15 - rising 

Natural number 78 - 

Greatcft altitude - 36 3 Nat. Sine 58«ir€ 

Mer. zenith distance - S3 55 Nat. co-stne 58904 
Declination - - 1* 16 


2.3306S 
1.S9061 



- 68 1 I N. 

If the latitude by account be assumed 69^, the latitude by compn- 
tiikn will be &" IS, tUfieriag only one mite from the former 



Ciym the Altitudes of two known Stars, 'iherve/I at tie same, or at 
diffierettt Times ; and if Ot different Times, the Interval of Time 
between the Obs&TvattoHs, to^ndtke Latitaig. 

Kdle. 

ff both dtitodes ^ 'obswred at the *itte time, tftH the differtnce 

between tfa^ right ascensions the reduced intefvAl } but if the dtitttde 

be 
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be t^en at differeat times, reduce the interval between the observ?- 
tiom to sidereal time, by adding thereto the proporticoul part aasf ei^ 
lag to the interval, and 3' 56", the daily ac(:§leration of the fixed stv*- 
No » , to the right ascension of the first observed star, add the interral 
in sidereal time, and the dilTeKltce betw^tn thi» sum, and the fig^ 
ascension of the other star, «iU be the reduced interval. 

To the log. rising of the reduced interval, add the log. to sines of 
the declinations of the stars; add the natural number answering to the 
sum of these three loganthms, to the nat. versed sine of the dinerencft 
or sum of the stars declinations, according as they are of the lame, or 
of a contrary name, and the sum will be the oat. co-versed sine of orcA 
Jirsf. 

To the log. CO- sine of arch first, add the log. lecant of th^ decline 
tionof the star nearest to the elevated pcde» and the log. half elapced 
time of the reduced interval, the sum wUl be the log. half elapsei 
of time ttrcA jeco?«/. 

From the nat. versed sine of the difference between arch first, and 
the altitude of the star farthest from the elevated pole, subtract the 
nat. co-versed sine of tlie aliitude of the other star, and find the log. 
of the remainder ; to which add the log. jecani of arch first, ?nd the 
log. secant of the altitude of the star farthest from the ejcvated pole, 
the sum will be the log. rising of ortA/A'rd. The difference betweei* 
arches second ind third is arch /cm /A. 

To the log. rising of arch fourth, ad4 the log. cocaines of the 
declination and ajtitude of the star /anhrat from the elevated pole i 
add thecorrespondiiig natural number lo jhe nat. versed sine of the 
difference between the aliitude an4 decljnatiixi, the polar distance 
iieiag le«s tJian HO i otherwise, to that of their sumi and the suiq will 
be the natural co-versed sine of the latitude. 



Tf two altitudes of the same star be observed, the operation becomet 
more simple. 



January I, 1805, in north latitude, th,e true altitude of,C^»eUji yap 
69'28'i and, at the same instant, the ^ru« aliitude pf^^Sirii^ Wtljl 
16° 19'. Required the true latitude.? 

Right ascen. Cap. - Sh 2' 18" 
Right ascen, Sirius 6 96 . 33 



^mervj - - 1 34 15 
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vapcua 1 tierint. - ta ti ". - — -— - 

Siring dedin. - 16 87 S. - - co-flii>e - - 9.9B185 



Inttfval - - Ih 3*' 15' - - ™>>g - - S.9210S 
OpeOa'Kledm. - 45 47 N. - cd-ook - 9.84547 



Sum - - 6S 14 mt. ver. nnc 5S41S 

6576 - 3.74655 



Archfint - 24 IS natco-v-rine S8989a»-fc9 _ 
C^wUa's decUn. 45-47 - - secant - - 0.15653 
bttoirid - - 1 S4 15 - H.E.T. - - 0.39821 




J.9560S 



n. 

In north latitude, December 20, 1806, the true abitDde of M«iikar 
W» 45° 96', and Ih. 18* after, the altitude of Rigel wu S9° 51'. 
Retfaired the latitude i 
Otxerved interra] Ih IS' 0' 
Equation - - 4- IS 



bt. in sid. time -1 18 IS 
Right uc.Menkar S 52 II 



Sum - - 4 10 24 
Rig^ aKen. Rigel 5 5 11 



Reduced Interval £4 47 
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Reduced interval Ch Si' 47' - - rising 
Declin. of Moikar S SO N. « . co-sine 
Declin. of Rigel 8 S6 S. - - co-sine 

Sum - - 11 46I1.T. sine 02101 
3808 

Arch first - 71 58 n.co-v.une 04909 - co- 
Declin. Menkar S 20 • - secant 
Reduced interval 54 47 - -H-E-T. - 

Arch second - S 19 6 - H.E.T. - 
Arch first - 71 58 - - - secant 
Alt. Rigel - 29 51 • - secant 



S.453S3 
9-99936 



• 9.49076 
0.00074 
0.625ti8 

0.11718 
0.50924 
0.06181 



Differeace 
Alt. Menkar 


. *2 7 n Ter. sine 25823 
43 3Sn.co-ver.sineS0996 






Difference 
- S 19 6 


5174 

• 

nsuig 

risine 

co-sine 

co-sine 


. 3.71383 


ArchthiiJ 
Anbiecoiid 


. 9:28488 


Arcli fourth 
Dedin. Rinl 
AkRigd - 


5* 26 - . 
8 26 
29 51 


3.44829 
. 9.99528 
- 9.93819 


Sum . 


S8 17 n. Ter. one . 


21504 
,2409 . 


- 8.38176 


Latitude - 


49 S2i n. co-T 1. - 


23913 






Problem XII. 





Given Two AUitttdes of the Moon, with the Titnei per Walck, and 
Longittuie by Account, to Jind the Latitude of tlie Place of 
Observation. 

Rule. 

Reduce the nven times of observation to the meridian of Green- 
wich, by applymg thereto the longitude by account in time, by 
addi^OR or subtraction, according as it is W. or Cj and to these 
tunes let the Moon's declination be found by the Nautical Almanac, 
and oirrect theobserred altitudes by Prob. xi.page 112. 

To the interval of time between the observations, add the change 
of the Sun's right ascension in that interval ; and from the sum, 
sabtract the corresponding variation of the Moon's right ascension in 
time, and the remainder will be the reduced intervcu. 

Now, 
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Nov, with the reduced iDterval, the altitudes and decIinatiMU of 
the Moon, the latitude is to be founti, as directed in lajt problem. 



I. 

Decembn- 12th, \fiOi, being in north latitude, and in longitude 24-° 
W. by account: at 5h, 2*' P. M. per watch, the altitude of the 
Moon's lower limb was il° 33 ; and at 7h. 12', the altitude of the 
Moon's lower limb was -^2' 56 , height of the eye 20 feet. Required 
the latitude I 

Time p. watch of 1st obs. - Sh 24' Timep. w. of2dobs. 7h 12' 
Longitude in time --136 _.- . 136 

Reduced time - -70----8 4'8 
Moon's declin. at noon • 12 16N. - - - 12 16 N. 
Equation to 7h. - +1 S6 Equation to 6h. 4<8' + 2 

Reduced declinatiou - 13 52 N. - - - 14 16 N- 



Ob. alt.})'sl. l.at Istob. 41 S3 Ob.ah})'sl.l.al2d ob.52 56 

Semidiameter - - -|- 16 Semidiameter -4-16 

Dip - - . _ 4 Dip - - , - _ 4 

Apparent alt. })*s center 41 45 Appar. alt. ])'s center 53 8 

Correctitxi - - - + 44 Correctioa - +35 



True ;dtitude 

Time of m observ. 6b 
. 2d - 7 


42 29 

.24' 0" 
12 


True altitude 

rising 
co-sme - 
co-sine - 

3. 00002 


63 43 ■ 


Interval - - 1 
Var. O's right aK. + 


48 

20 

4 5 




Reduced interval 1 

Moon's dec. at Istob. 13 

at 2d ob. 14 


44 15 

52 
16 


4.00725 
9.98715 
9.9S640 


Difference - O 


24 n. T. 





Arch first - 64 44 n.co-v. s.09669 - co-wie - 9.630aS 

])'sdec. atgreat.sk. 14 L6 - - seomt • • 0.01360 
{^.educed intervat - 1 44 1£ - - H. E. T. - - 0.3671^ 

Arch second - 5 4Sfi3 - IL£. T. • - (>.Q9ia» 

Aith 
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Arch first - 
Leattait. - 


- 64' 44' - - 

- 42 29 - - 


secant 

07446 
$. 19390 

11944 
- '"ing 

co-sine 

. 12316 
12462 - 


. 0.36974 
, 0.13225 


Difference 
GreueM altitude 


22 15 n. V. s. 
- 53 43 n.co.v. 

Differ. 

. 8 26 34 
- 5 43 53 


- 4.07715 


Arch third 
Arch second - 


4.57915 


Arch fourth - 
Doc. at least alt. 
Least alt. 

Difference 


- 2 17 19 

- 13 59 

- 42 29 

- 28 37 n. V. S 


4.24102 
9.98715 
9.86775 


- 4.09j92 



Latitude - - 48 52 n.co-v.s. 24678 

II. 

October 16, 1804, in S. latitude, and longitude 6.5" E. by account, 

at 8h 8' P. M. per watch, the altitude of the Moon's upper limb was 

55° 24'; and at Ih. 40* A. M. the altitude of the Moon's lower limb 

Was 28" 54', the height of the ej-f 10 feet. Required the latitude ? 

Timeperwat.oflstQb.8h 8' P.M. Timep.w.of Sdob.lh 50' A.M. 
Longitude in time - 4 20 £. . - 4 20 E. 

Reduced time - S 48 P.M. - - - 9 30 P. M. 

Moon's dec. at noon 1 20 S. 
£q. to time 3h. 48' I 

Reduced declination 20 S. - - - I 10 1 

Ob.aIt.})'su.l.lstob. 55*'24 Ob.alt. ])'sl.l.2dob. 28' 54' 



£q. tOtime9h. 30 2 30 



Semidiameter 
Dip . - 


— 16 

— 3 


Semidiameter 

Dip - - 


App. ah-J'scenter 
Correction • 


55 5 
+ S3 


App. ah. J's center 
Corrertion 


True altitude 


55 38 


True altitude 



littM of lit ob. fih 8' p. M. 
— of 2d ob. 1 50 A. M. 

Interral - - 5 42 

Var.G'sr.asc. + 53 

Var. J's r. asc. — 12 4 



Heduced inter. 5 30 49 
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Reduced inter. Sb. SC iS" 
>'sdec.atJstob.O SO S. 
. - M2dob.l ION. 



4.94101 
»-99999 

9 999^1 



- 1 SO nat. ver sue 



Archfirst - 7 17 nat.co-ver.Mne 87514 co-«in» 9.99648 
D'sdec.atgr.alt.O 20 N. - - secant - - 0.00001 
Reduced inter. 5 30 49 - - H. E. T. - O.O035S 



Arch second -3 57 50 


- - H.E.T. - 


0.0000S 


ArT:h first - 7'' 17' - 
Least altitude 29 57 


secant 


" 


0.O0S52 
0.06SS5 


Difference - 22 40 nat. 
Greatest alt. 55 38 nat. 


ver. sine - - 
co-ver. sine - 


07724 
17456 






Difference 
lising 

rising 
co-sine 
co-sine 


9732 - 


3.988*0 


Arch third - I 50 8 
Arch second - 5 57 50 


4.05397 


Arch fourth - 4 7 42 
}»'5dec. leastalt. 1 10 N. 
Least alt. - 29 57 - 


4.72376 
99991 
9.93775 


Sum - 31 7 nat ver. sine. - - 


14388 





45861 4.66 14S 

Latitude - 23 25 S. nat. cover, sine - 60249 

The latitude ma^ be found in the same manner, from tvro altitudes 
of the Sun, or of a planet and the elapsed time, without using a 
supposed latitude. 

Problem Xllt. 

Given three Altitudes of the Sun, tabm at equal ItUervali ofTimt, 
near flie Meridian, to Jind the Latitude qf tbe Plat.e of ObitrvalKH. 

RcLiB. 

Let the difference between the first and second aititudes be called 
A, and that between the first and third B. { also, let the difference 
between A and halfBbecaUtd C, and that between 2 A and half B 
be called D. 

Now from the log. of D subtract the log. of 2 C ; and call the 
rem^oder the log. of arch first. To twice Uie log. of arch firtt add 
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log. of C, the sum will be tlie log. of arch tecond i and to the \f>t. 
:cE first, add the log. of D, the sum will be the log. of arch tkWi, 



theloi 
of area 

If half B U less liaa A, or greate 
between arches second and third wiU be the correction ; but if half B 
is greater than A, and less than 2 A, the sum of these arches wilt be 
the correction, which being added to the first altitude, will give the 
meridian altitude, with which, and the deAlinatiuii, the latitude it to 
be found as fbnnerij. 

REUAItE. 

If the loe. of the interval of time between two successive otwerra- 
-tiona, be added to the log. of arch first, the sum will be the log. of 
the interval of time between the time of observation of the first 
altitude and noon; hence the time per watch of apparent noon will be 
obtained, and, <£ course, the errra of the watch will be known. 

EXAUPLB, 

Kovember 30th, 1804, the flawing observations were made. 
Required the latitude? 

Times per watch 1 Ih S3'. True alt. 0's center IS" 2' 

12 14 - - 12 59 - A= S 

12 fiS ' - - 12 - B = 62 

Now Acq ' B = S m 31 = 28=C. 
And 2 A oa^B =6 to 31 =25 = D. 
D - 25 ' log. - 139794 
SC- 59 - log. - 1.74819 

Arch first . - 9.64975 .... 9.64975 

. D. - S5 . log. - 1.S979* 

9.29950 —— 

C - 28 . log. - 1.44716 Arch 3d 12.7 - 1.04769 



Arch sec. 



0.7466fi 



5.6 



Correction - - - 7 
First obsored altitud. - 13 S 




Meridian altitode - - IS » 
Zenith distance - .• 76 A 1 
Declination - - • 19 44 




latitude - - - SI IN. 




Archfint 

Interval - 41' - log. - 


».649r5 
1.61278 


Int. bet. lu ots, & luon ■ a'M 
VOL. I. ax 


i«, 
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TBt.bet. Istobs. &neoB - I3'.38 
"I^e of first observ. - II 3S. 

Time p. vratch of noon 11 46.38 

Watch slow - IS.62 = 13 37' 

Rbuakes. 
• I. 

The three altirodes being observed at equal intervals of time, if 
then two of these are equal, the correction of the greatest altitude 
will be found by dividing the diSerence between the unequal altitudes 

by a. 

Example. 

Let the following observation be supposed to be made December 
13, 1812, to lind the latitude. 

Titaea per watch I! +6. True alt. ©'» cent S*" 4'. 
12 16 - - 84 4 

12 46 - - ' 33 9 

Now 55-', the dtfierence between the unequal altitudes being divided 
hy 8, the quotient is 7' nearl;^, which added to 34" 4', gives 34° 1 1', 
the meridian altitude. Hence the zenith distance is 55° 49 , fr«m 
which the declination 23° Ll' being subtncted, the remainder 33° 3S 
N. i« the latitude. 



If two equal altitudes be observed near noon, and another altitude 
not hi distant therefrom at an unequal interval of time, the correcticm 
cf the equal altitude* may be found as follows. 

Method First. 

To the interval of time between the unequal altitudesi add half of 
that between the equal altitudes, and divide the stmi by the above 
half interval. Now increase and diminish the resulting quotient by 
1, and find the product of this sum and difference, by which the 
difference between the unequal altitudes being divided, will give the 
correction, to be added to either of the equal altitudes, to obtain the 
meridian altitude. 

Method Second. 

To twice the log. of half the interval of time between the equal 
lltitiide% add the log. of the diffcivncc of th« u|t«^(ul altitudes. 

Fran 
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From this sum, subtract the sum of the logs, of the extreme iateml of 
time, and of the interval between the nearest unequal altitudes, the 
remainder will be the log. of the correction, to oe added to the 
greatest altitude, and hence the latitude will be obtained. 

The unequal altitude is supposed to be less than elthef of the equal 
altitudes. 



May 8, 1 804| the following altitudes of the Sun were observed* 
irom whence it is required to find ttw latitude ? 



By Method rtrst. 

Times per watch 1 ih I S'. True alt. «2° 47' 

II 40 - - 55 42 Diff.SS'. 

13 16 - - 53 42 

Now,lI^-:i?ltI^lll'= 1 ih. Be" = time per Watci sf appOr. nodn. 

Then, llh. 58'-]lh. IS' +5'} andllh.5*'- llh.40'=18'. 

Now,— =2',5; anda'.S± l = S'.5and 1'. 5 respectively. 



18 



65' 



55* 



Tien, = = 10'.5 nearlf , the correction. 

'S.5.X1.5 5.25 ' 

Hence, 53" 42' -f 10'.5 = 5S<>52'.5, the meridian altitude. 



Zenith distance - 36 7.5 
Declination • 15 21 . 



Latitude 



51 31 .5 



Sjf Method Seetmd. 
Half inter, equal altitudes 18' - 1(^. 
Diff. unequal altitudes 55 - log. 



Extreme interv. of time 63'log. 1.79934 
Int. betw. unequal alt. 27 log. 1.43IS6 



Correction 
Greatest altitude 



53 42. 



Meridian altitude 53 52.5 



1.25527 
> 25527 
1.74036 



S.23070 
1,02020 
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Metidian ak* - - 53 5S 5 
Zenith distance - S6 7.5 
Dcdinatiaa - 15 SI. 



Various other methods might be gtren for ascertuniiig the latitude 
from altitudes of an object observed near noon. These, hoirever, it 
is proposed to insert in a work expresslj apm that subject. 



Given three Altitude of the Stat, with the TiHervals of Time between 
them, to find the Latitude of the Place of Observation, aadtheSm/t 
Declination, 



Rod the apparent time of each obserratkm, bf Prob. xt. p. HGi 
then, with any two of the altitudes and ciHTesponding times from 
11900) compute the latitude and declination, by Prob. ti. p. 319. 



EZAHPLB. 

Let the three altitudes be 57° 29', 55' (/, and 49° 55', die interral 
of time between the two first Aff, and that between the two last 
£0'. The latitude and declination are required ; and suppose these 
observaticms to have been taken in 1811. some time between June 
and December, the day of observation is sou^U i 

Fuit iounal vy = Hf hilf = 5" 0' = irch la\ ^^ _,,.,«_ .„i, „ 
Second inter™! JO =19 30h. = e li =»reliS«l/ »«^— " !»■ — ■reusd. 
Altitude - jr>'23' Nat-rine S4SS0 

55 - - - 8IH15 diC 93;5 = «rch5«i 

49 55 - - - 76511 - - 7719 = »ich4tb 
Arch tT. = 'r719M-i»'laE.ft.IIU4 Arch i. = S" (Kune • S.MnsO I'lne - t.MOSO 
AicbT. = 33 IS • los- - 3-36455 Aid) II. = 6 13 co-*. - 9.99741 rise -9.03690 

Afcliiii.= tt 15 - nne - 9.a90S4 Arch tii. .0S664 • log. • 8.93711 

ArcbTi S.-:6T83 • • - .05851 

DiSerence .----.-.-- .04813 • - ar-c^tJoc. - Ujoas 

Arch Till. -•- IS'sa' • Baccnt - - 9JSS03 

Archill 11 15 

WUDbKfTcd > 7 «3 

|lcKe,iiiM<iroU».afnid<lktlt. - It t3 
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TimcofobMrr, 11°S3'H.V.S. . UJ67 - i^. ■ 3.65965 - conit. )<«. 5^103 

7 93 . . - 00829 

Dlflbenee - - 03^38 u-co-log. - 6^3736 - . - . 6.4S13fi 

DiC natunl •!!» altitude* • - 03315 - leg. - 3.3e4jj .... 3.^35435 

9BS9 . - - - 3,1S131 - 1.33663 • 3.09294 
Uid*illi»da • S5 N.riiw-S191S 

38 4 N .co-iiBe BVJU -----... 84744 

66 58 - - - H.CMins --'..... 39119 

Sam - •'- • 9S 3 - hslf = 49 3l=;ljul(udeN. 

Diffimnee - - 34 54 ■ tulf = IT 3T ^ztkcliiuiionN. wMch auwcitto Aag. 4th. 

Problem XV. 

Oiven ike Sun's Declination and Semtdiameler, and the Interval of 
Time between the Instanti when the upper and lower Limbs of the 
Sun were m the Horizon, to Jtnd the Latitude of the Place of 
Obtervation, 

Rule. 
To the log. of the Son's semidiameter expressed in leconds, add 
the ar-co. log. of the interval of time in seconds, and the constant 
log. 9. 1 349I ; the sum will be the log. co-sine of an arch. 

To the log. sine of the sum of this arch and the Sun's declination, 
add the log- sine of their difference ; half the sum will be log. sine 
<tf the latitude. 

Examples. 



Let the Sun's declination be 18° 24', semidiameter 15^53", and 
time required to rise i' 48". Kequired the latitude ? 

Sun's semidiameter = 15' 52" = 952" - log. - 2.97864 
Intend of time - - 4 48 = 288 - ar-co-Iog. 7.54061 
Constant log. - - - - - - . - 9.12494 



Arch 

Son's declination 



Snm 
DiSereoce 



63" 51' 
18 24 



82 15 
45 27 



9.64419 



9.99601 

9.85287 



fane 81, 1810, the interval of t^ne between the setting of the 
lower and upper limU of the Sun was S'56". Required the utitDdef 

Sun'f 
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Sun's semidiameter = 15' 4?" 



Interval of time 
CoDstaBt log. 


- 3 56 


= 


S36 . ar-co 


"log. 


7.62709 
9.12494 


Arch 

Son's declination 


57° 39- 
25 28 


- 


CO- sine 


- 


9.728S8 


Sum 
Difference 


81 7 
Si 11 

48 10 


- 


sine 
noe 


- 


9.99476 
9.74961 


Latitude 


19.744S7 
9.87218 




Pboblbu XVI. 







Giiien the difference of Altitude between the Pole Sttr and t&e 
Pole, at different disttuices of the Star from the Meridias. 

Rdlb. 

Knd the interval between the time of observation of the altitude 
<rf the pole star, and that of its passing the meridian,* and take out 
the corresponding equation from the table ; whi.-h added to, or sul^ 
tncted from the true altitude of the pole star^ wiO give the ladtude <^ 
the place of observation, 

Examples. 

I. 

Let the corrected altitude of the pole star be 48" 12' N. observed 
-9h. 20' before its passage over the meridian. Required the latitude ? 

TruealCiEudeorihepotcMir ... ts'l^N. 

EquKiion from oOiIe XLVI. to tb. 30' . 4-1 S3 



49 84 H. 



n. 



At Ih. 10' after the passage of the pole star over the meridian, its 
altitude corrected was 58° 51'N. Required the latitude? 

TrneiUiludeofthepoleMar • • Sl° *|'N. 

EquationfromTibleXLVl. tolb. lO* - —I 43 

Latitude - - - 97 9 N. 



• If Ihif intervil ii cxpreiEcd in meui iclv time, it oaght ta be lednced to lidcml 
time. Thii may be done wiih luffieient sccurMj ftn nion puipotes, by adding the 
proporttoml pul of (he ucelei»don of the fixed atin, ■niweclng to tbe intentl between 
ifaetimciof obwmtioii,ndtbetn<ultafdKMfj Ut, u Mi^4U« it ■bwluttb' »»«- 

''*^' TABLE 
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OP THB APPARENT TIME OF TRANSIT OF THE POLE STAB. 



3 53 
3 43 
3 44 



5 SI 
5 S3 
i 49 



3 33 
3 49 
3 45 



a IB 

B 13 



5 SO 
5 IG 
5 12 



4 4e 

4 38 
4 33 
4 29 



O 40 
36 
33 

39 



7 49 

t 45 
1 41 



B 58 
a 54 
8 30 
B 46 



4 44 
4 4Di 
4 36 



3 4e 

3 3S 
3 34 
" 3 30 ' 
3 96 
3 33 



fi 54 
a 50 

fi 46 
3 43 
3 39 
2 35 

e 3Q 



47 
43 
40 
3fi 



9 57 
9 33 
9 49 



9 33 
9 39 
9 35 
9 30 
9 16 
9 la 



6 41 

6 36 
6 3a 



10 41 
10 37 
10 33 





TAELE II. 

DIFFERENCE Ot ALTITUDE OF THE POLE STAR AND POLE. 




Aiemnnn. Dimnccofthe Surfrom (he Metiditn, inSiderolTune. 


SDimiCT. 




■ Min. 




IHotir. 






4 Houri. 


0° 2T.7 
25.4 

as.'i 

fO.9 





5 
10 
15 


1° W.9 
1 46.9 
1 46.8 
1 46.7 


1- 43'.3 
1 48.7 
1 48.0 
1 41.3 


r 3i'.6 

1 31.4 
1 .10.2 
I 8B.9 


i" li'.i; 
1 ia!a 

1 10.5 


iV i3'.4 
51.4 
4S1.4 
47.3 


60 
55 
30 


•iO 

30 

3S 


1 46.3 
1 4fi.O 
1 457 


1 40,4 
1 39.6 

1 3a.8 

1 31.9 


1 27.6 
1 36.3 
I 24.8 
1 33.4 


I 6.9 
1 5.1 
1 3.3 


45.'2 

s s 

3S.S 


IM.6 
16.3 
14.0 
0- 11.6 
9.3 
7.0 
A.I 
2.3 
0.0 


40 
35 
30 
95 


W 

*s 

so 

53 

BO 


1 U^ 
I 44.9 
1 44.4 

1 43.9 
I 43.5 
I1H.J 


1 3a.9 

1 35.9 
1 34.8 
1 33.7 
1 3S.6 


1 31.9 
1 &>.* 
-1 18.8 
1 17.2 
1 15.6 


1 1.3 
59.4 
37.4 
33.4 
53.4 


36.6 
34.4 
3S.3 
a9.9 

37.7 


3^ 
13 
10 
5 





9H(«n. 


BHoun. 


7Haan. 


SHoaiK. 


"Min. ■ 


A-o. 


• 
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CHAP. II. 



Of finding the Variation (jf the Compass, 



Introductiok. 



Jl he attractive power of the m^frnet was kiumi in Europe abom 
600 yean before tke rhriuian sera ; and by the Chioeae recordi it is 
saM, that its directive property was known in that country at least 
1000 years earlier, loe invemionofthecompassiabysome ascribed 
to John or Flavia Goya of Amalphi in Naples, about the year 1 SOS. 
It, however, appears mnn some verses,* in a French tract entitled La 
Bible de Guyt de Provint*, to have been knoini in toat country 
previous to the year 1180 It ia also shown in the Journal dtt 
Scavaiis for October 1783, by M. Leprince le jeune* that Jacques de 
Vitri, who lived towards 1200, speaks of the magnetic needle as 
being in common uset and of great service in the practice of 
navigation. 






■ Ircllc nioile ne k muet, 
Un ini foni qui mcntir nc 
Pii U vtilne <k li manelc, 
Un iiierie Uidc cl brunette, 
Ou 1 Mil TOtoniieiitejoimc, 
Out, regirduit l*ar droit pointe, 
Puei I'une ifuilc Tuni louchic, 
El en un (eua I'oni ficbie 
En tongue In mctie (em plot, 
Et il Tettue U tient demi; 



Foil te (orac la poidte (oate, 
, Contre l'««u>ilc, MM doun ; 
Qouit li nail eu tenAte ct b 
Con ne voit ejtoila oe luoct 
L'or flat t riguiile ilniner, 
Puez ne pueni itli uairer, 
Cootn I'eitoile, ven It pout 
Per cc wnt La mulnier coiate 
De la droiu voir lenii i 
Catun arl^uine petit nienii 



TRANSLATION. 



There is t tiu that nerer movei, 

And >n >n thu never deceive*. 

By virtue of the mHgnet, 

An uzly brownish stone, 

Which ilmyt tttracu Lmn. 

And which (imyi pointitlraitht, (or right] 

With this « nerdie they touched, 

Ard on a bit of itraw Ihcy set ii, 

Alcng ihe middle they put it. 

And Ibe uiaw lupporti it. 



Then it) point It tonu, 

Towirdi tbii >t*r no doubt. 

When the night ii to exuemelj dark. 

That iNiittcT nan nor moon can be ttta. 

Then looking at tha needle with a H«hi. 

Aie ib^ not cenuo. 

To fee It pointing toward* tbat Mai f 

Upon ibi* the marioeR depend 

For the righr, or proper, coatK to keep* 



• CuilopiB da Dac dc Vankn, No, 2.707. 
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Until the time of Columbus, the direction of the needle wai 
Supposed to be exactly in the plane of the meridian ; and, therefore, 
the other points were supposed to agree with the correspondent 
" points of the horizon. However, in the month of September 1492, 
Columbus first discovered the variation of .the needle. This disco* 
very is also said to have been made by Sebastian Cabot in the year 
1*97. 

Soon after, the variatioo was found to be different at different 
pbces. It was, however, affirmed to be constant at the same place j 
but observation also overturned this hypothesis. In 1635 Mr. 
Henry Gellibiand published his discovery of the change of the 
variation, from a comparison of his own observations with those of 
his predecessors. 

The magnetic needle is subject berth to an annual and to a diurnal 
vibratory motion. In the first of these, the motion of the north 
end of the needle is in genend towards the east, from the time of 
vernal equinox to the summer solstice ; and, during the other nine 
months, its motion is in general towards the west. In the second, 
the needle is stationary from noon till about 3h. P. M. and from 
thence till about 8 in the evening it slowly approaches the east- It 
again continues stationary till about S in the moming } and, from that 
time till noon, it gradually approaches the west. Ine mean quantitr 
of the diurnal variation at the Observatory at Paris, in each month 
of the year l7-9i,ax;ayi^iDg to the observations of M. J. D. Cassini, 
is as follows. 

January- ll'.S May - ll'.S September ll'.S 

Februuy 8 .5 June - 1 1 .3 October • 1 1 .3 

March - 12.7 July - 14.1 November 10.3 

A[nil - i5.S August - 11 .3 December • Q.S 

The magnetic needle has another property, called the Inclination 
or Dip. Thus, let the needle, before it is rendered magnetical, be 
well balanced; then give it magnetism ; and the needle, being sus- 
pended on the same point as before, will now be found to have lost 
its equilibrium ; and the angle contained between the direction of the 
needle and an horizontal Hue, is called the Dip. This discovery was 
made by chance, in the year 1 576, by Mr. Robert Norman, a compass- 
maker at Wapping, London f . 

Dbfi- 

t It i* piemmed the following iceounc of Dip of the needle, u giten hj Norsuui in 
tbethinichip. of hii Xnn jfUruciM, Kill be acccpubte (o tomsof our letdert. 

" Hiaing msde xataj and dinen cumpuiei, and using ilwue* to finiih ind end them 
before I tonehed the ntcdle, 1 found cnhiiniull]', thit after I b*d toaciied the jrnnu wltli 
Ibe Stone, tbitpretentlf thcnottb pomllhereofwouldbendor Dttlinr downvirda under , 
(he Horizon in •ome qiuoiiiie : itwemuch that lo lb* Fli* of itie Cotagttit, whieb befBre 

VOt.1. St 
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Definitions. 

The Variation of the compass is the deviation of theptnMirf 
the mariner's compass from the cosresponding pmnts of the horiztn^ 
and is denominated East or West Variation. ' 

East Variation is when the north point of the conpass is to 
the east of the true north point of the horizon. 

West Variation is \rt»en the north point of the compass is to 
the west of the true north p<Hnt of the horizon. 

The Variation of the compass may be found by various methods^ 
as Ampliludet, Aximalks, Equal AUUuies, Sec. 

The True Amplitddb* of any celestial otiject, is an arch of the 
horizon, conuined between the north or south points thereof^ and 
the object's center af: the time of its riling or setting. 

The Magnetic Amplitude, is the arch contuned between the 
object's center, when in the horizon, and the magnetic meridian— 
or, in other wcuds, it is the bearing of the object per compass, wh^i 
in the horizon. 

The Tsde Azimuth of an o^ect, is the angle contained between 
the true meridian, and the vertical passing through the object's center. 

The Magnetic Azimuth b the angle contained between the 
magnetic meridian, and the azimuth circle passing through the ceatae 
of me object. 

The true amplitude or azimuth is found by calculation; and the 
magnetic amplitude or azimuth of the Son, or any ce'eitial objea, 
may be very accurately observed by Mr. M'CuIloch's patent compass, 
of which the following is a description. 

WM mtde (qiuU. I wu *ri1I eomtnincd to put tome naill peccc oF mze In (be Soath 
pan thereof, to couDtEipoiM tbii Declining, moil to mtke it equill igiine. 

Which effect tnvint; naaj limea paucd Rij hind) without iny gieit regsnl thereanIO, 
•iignonniofanyiuchproptilieinthe Siore, »nd nDib«fB«b»uinshewdnorre«ilofWi^ 
(uchaiwcr: It chiuncedu Imgth'tbmdbcrecunc to mv hiadi an IniiiBount to bc« 
■nide with & Ncwlle o<iixe incba long, nhich needle ifier 1 tutil polliihed, cut offu iuit 
lengtb, uxl mide it to iiand levell upon the pinne, lo that oothing reiinl hut onelj tbe 
tauchiog of H wilh tbe none : when 1 had touched the »me, piaenily the notth p»it 
tbe(e«fZ)rriui«{do«ne in luch ton, tb>t beeing coonnir'^ to cut iwiy iomeoftbU 
|iut,lo(n4lieit etgutlligiine.in thecnd I cut itiooihott, udaoqiayled tlie needle 
trhereiit 1 hid tiken u> much pajnn. 

Hereby breing strolien in some chollcr, I ipfilrnl tnir lelf to,ttckefunher into thii eflto, 
(nd miking cernyne leimtd and expert men (ray firieadt)icquiiniedin thi> nutter, the; 
ndTiwd Rie to freme tone Iniirutnent, m make lome euci iryil, haw much the ncedte 
touched with the iKmc would fJecfiiu, or «rhu gnatcK An^ it would iiiik«wilhlb« 
plaine of the Hoiiion. Whereupon I made diL^oit proob." 

It potntt. It, bowcver. 
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DESCaiFTIONo/'/&t AzlUDTH CoUPlU. 

PUte Till, contains a perspective viev of the azimuth compass 
ready for observation. Ilie needle and card of this compass are 
similar to those of the steering compass, with this difference only, 
that a circular ring of silvered brass, divided into 360*, or rather four 
times 90", cu^:uniscribe« the cardj b represents the compass box, 
which is of brass, and has a hollow conical bottom, e h the propi or 
support of the compass box, which stands in a brass socket screwed to 
the bottom of the wooden box, and may be turned round at pleasure j 
h b one of the guards, the other, being directly opposite, is hid 1^ 
the box. E^ach guard has a slit, in wh^h a pin, prelecting from the 
side of the box, may move freely in a vertical direction- 1 is a 
brass bar, upon which, at right angles, the side vdnes are fixed } 
a line is drawn along the middle of thb bar ; which line, the line* 
in the vanes, and the thread joining their tops, are in the same plane. 
2 is a coloured glass moveable in the vane 3; 4 is a magnifying glass 
moveable in the other vane, whose focal distance is nearly e^ual to 
the distance between the vanes ; 5 is the vernier, which contams six 
divisions, and as the limb of the card is divided into half degrees^ 
each division of the vernier is, therefore, five minutn. The intoior 
3ur£u:e of the vernier is ground to a sphere, whose radius is equal to 
that of the card. 6 is a slide or stopper, connected with the vernier ; 
. which serves to push the vernier close to the card, and thereby 
prevent it from vjbrattng, as soon as the observation of the amplitude 
or azimuth u complet^ ; and hence the degrees and parts of a 
d^ee may be read off at leisure, with certainty. 7 is a ccHivex 
glass to assist the eye in reading off the observed amplitude or 



UsB of the AziHUTH Cohfass. 

I. 

To observe the Sun's Amplitude. 

Direct the vane, containing the magnifying glass, to the Sun} move 
the compass-box by means of the stop, and raise or depress the 
magnifymg glass until the bright speck fall upon the slit in the other 
vane, then stop the card, turn round the box, and read off the 



Without using the magnifying glass, the sight may be directed 
through the dark glass, and the card is to be stopped when the Sun 
is bisected by the thread in the other vane, or when the thread is 
a tangent to either limb of the Sun ; but, in this case, allowance must 
be made for the Sun's semidiameter. In this manner the amfditude 
of the Moonf a planet, or fixed star, may be observed. 

«t2 n. 
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II. 

To observe the Sut^s .AMmtith, 

'Raise the magnifying glass to the upper part of the vane, and mor^ 
tlie box as before direaed, until the bright speck falls Qn the slit in 
the other vane, or on the line in the horizontal bar, the card is to be 
stopped, and the divisions being read ofi*> will be the Sun's magnetic 
azimuth. 

If the card vibrates considerably at the time of observation, it will 
be better to observe the extreme vibrations, and their mean will be 
the magnetic azimuth. 

Problem I. 

Given the Latitude of a Place, ike Day of the Month, and the Stm's 
Magnetic Amplitude, tojindthcp'ariatumoj'tlie Compass. 

Rule. 

To the log. secant of the latitude, add the log. sine of the Sun's 
declination ; the sun will be the log. ca sine of the true amplitude, 
to be reckoned fi-om the north or souths according as the declination 
is north or south. 

Let the true and observed amplitudes be both reckoned from the 
same point ; that is, either both from the north, or both from the 
south. If, -then, the amplitudes are either both in the eastern, or 
both in the western hemisphere, their difference is the variation ; 
but if oite is in the eastern, and the other in the western hemisphere! 
their sum is the variation. 

If the observations be made in the eastern hemisphere, the variation 
will be east or west, according to the observed amplitude is nearer 
to, or more remote from the -north than the true amplitude. The 
contrary rule holds good in observations taken in the western hemis- 
phere. Or, let the amplitudes be reckoned from the north, if the 
observations were taken at Sun risings but from the south, if at Sun- 
s^ingi then the variation will be host, if the observed amplitude is 
less than the true amplitude, but IVist, if greater. 

Otherwise, let the observer be supposed to look directly towards 
the point representing the tnie amplitude ; then, if the observed 
amplitude is to the left of the true amplitude, the variation b easterly; 
but if to the right, it is westerly. 

Examples. 



May 15, 18M, in btitude 33'' lo'N. and longitude le'W. about 
Sh. A. M. the Sun was observed to rise £. by N. Required the 
Tariaticm? 

Sun's 
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Sun's decl. Ma7 15, at Doon . 18°5S'K. 
£q.(rO[nTab.xui.to7]i.fTOinnooa — 4 
- - - to 18'W. - '+ 1 

Reduced declination - - 16 50 - une - 9.50896 
latitude - - • - 33 10 - tecant - 0.07723 



Tnie amplitude - - N. 67 19 E. co-sine - 9.58619 
Observed amplitude - - N. 78 46 £. 

Variation - - ~ . II 26 Which is west, because 
the magnetic amplitude is more distant &om the north than the true 
amplitude, the observation being made in the eastern hemisphere. 
Or, the observed amplitude being to the right band of the true> tl» 
variation is, therefore, west. 



ir. 

December 22, 1810, in latitude 31° 38'S. and loD^tude SS^W. 
the Sun was observed to set S. W. Required the variation ? 

The Sun's declination at the time of observation is nearly the same 
as at Greenwich at the noon of the gtvenday, namely, 33' ;£B'S. 
Latitude - 31° 36' - secant - 0.06985 
Declination - 23 28 - sine - 9.60012 



True amplitude S. 62 7W. - co-sine - 9.66997 
Obs. an3pliiude S. 45 W. 

Variation - 17 7 
"Which is east, because the observed amplitude is to the left of the 
true amplitude. 

If the Sun's amplitude be observed at the instant its center is in the 
visible horizon, an allowance, depending on the horizontal re&action, 
the horizontal parallax*, tha height cu the eye, and the latitude of 
the place, is to be applied to the observed amplitude, in order to 
obtam the amplitude of the object, when in the true horizon. Thii, 
however, may be avoided, by observing the amplitude when the 
altitude of the Sun's lower limb u equal to the sum of 15' and the 
dip of the horizon. Thus, if an observer be elevated 1 J feet, the 
amplitude should be observed, when the altitude ef the Sun's lower 
limb it 19'- 

In favourable dnmnutaiices, and iriien great accuracy is required, 
the ami^tude of the N. or S. limb of the San may be obsnred, to 
whicli the semidiameter b&ng applied, vrill give the amplitude of the 
center. 

* It Ihe object M th* Moon. 

Pboblbk 
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Problem II. 
Given tha Magnetic /Ktrnvihy the Altitude, and Declination of the 
Sun, togetntr with tfu Latitude of tka Place of Observation; to 
Jmd the FdrJation of the Compass. 

Rule. 

Reduce tbe Sun's declinatimi to the time and place of observation, 
asd compute the true altknde of the Sun's center. 

Find Uie sum of the polar distance and altitude of the Sun, and 
the latitude of a ship. Take the difference between half this sum 
and the polar distance. 

To the loff. secant of.thealtiiudeadd the log. secant of the latitude^ 
the log. co-«ne of the half sum, and the \o^. co-sine of the difference j 
ludf die sum of these will be the log. sme of half the Sun's true 
azimuths, to be reckoned from the south in north latitude, but froot 
the north in south latitude. 

The difference between, or sum of, the tme and observed 
azimuths, according as they are of the same, or <^ a contrary deno- 
mioation, will be the variation as formerly. 

Examples. 

I. 

November 19, 163*, in latitude Kfi 22' N. longitude 24" 30W, 

about three quarters past ewht A . M. suppose the altitude of the Sun's 

lower limb to be 8" 10', and bearing per compass S. Sl° 18' £. height 

<tf the eye SO feet. Required tbe variation r 

©'sdecl.Nov.l9,atnooO 1&*2S'S. Observedalt. O'sl.iimb=8'lo'. 

Eq. Tab. xiii. to 3 h. — S Semidiameter - ~ -^ \& 

to2*''S0'W. + 1 Dip and refraction - —10 

Reduced declination - ig 22 True altitude ■■ • 8 16 



Polar distance 

Altitude 

Latitude ■ - 

Som - - - 
Half - 
Di&rence 


109 22 
8 16 
50 22 

168 
84 
25 22 

22 45 
8 

S.45 30E. 
S. 21 18 E. 


secant 

co-sine 
co-sine 

sine . 


0.00*«4 
0.19597 

9.01 9«S 
9.95*9? 


naif tme azunnth - 

Tme azimuth 
ObMTved azimuth . 


19.17S0f 
9.58750 



Variation - - S4 12, which is westerly, because the 
obsCTTed admuth is to the right of the true azimuth. II. 



:,GoogIc 
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n. 



January 14, 1S07, in latitude 33° 53' S. ItMigimde 53" 15'E.abiMl 
half pait three P. M. tlie folLowing altitudes and azimuths weie 
ebserved, tlie height of the eye being so feet. Required the 
variation? 

Ob.ak.0'«l.L41»58'Az;m.N.eS*2+'W. 0'»decatno6n«l»«6S. 
41 1? - 63 £2 £q.tot.6D.noon — 3 

- 40 S9 - 64 18 E^. to longitude ■+■ 2 



54. 
Mean - 41 18 
Semidiameter -\- 16 
Dip and reft. — 6 


154 
6» 51 


Reduced decL 
Polar distance 


21 26 S. 
68 34 


True altitude 41 £8 








Polar distance - 
Altitude" - 
Lautude 


- 68° 34' 
41 28 
33 52 


- secant - 


0.1S5W 
O.0S075 


Sum - - . 
Half - - - 
Difference 


143 54 
71 57 
3 2S 

- 44 60 

2 

- N.89 40W. 
N.63 51 W. 


co^ne - 
cO'sine - 

- sine - 


d.»ii5 

9.99924 


Half true azimuth 


I9.6964S 
9^4828 


Traeazinnith 
Magnetic azimuth 







Variation ... 85 49 

Being weit, because the observed azimuth is to the ri^t of the trua 
azunuthi 



It is common (or txie person to observe the Sun's ^tude at ths 
same instant that another is taking the azimuth. These observations 
oiavi however, be made by the same person, by taking several ^imuths 
and altitudes alternately, at ahortj and as nearly equal intervais <tf time 
as posnble, remembering to end with an observation of the tame kind 
that was &rst taken. 



.vCoogIc 
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August 13, ir88i in latitude 57" V' N. longitude 2° 6' W. aboat 
halfpast eight in the morning, the following observation* were taken, 
hei^kt of toe eye being 14 Feet. Each quadrant of the card of the^ 
compass with which the azimuths were observed, was divided into 
96 equal parts. Required the variuion i 



Azimuth Sun's center S. 43" .5 E. 
45 .3 
43 .0 
42 .5 



Mean 

„ 42.92X90 

NflWt 7^^— = 



Sun's decl. ISthAugost - 
£q. to reduced time 

Reduced declination 

Polar distance 

Altitude - - - 

Latitude . . - 

Sum - - - 

Half - - - 
Difference 



Half true azimuth 



42 .3 

14 -fi 
42.92 



Alt. Sun's lower limb 31' 38' 

- 31 47 

- 31 55 

- 82 S 



203 
Mean - - 31 5(^ 
Semidiameter - +16 
40° 14' Dip and refraction — Sj- 



True altilude 



32 1 



W 26' N. 
+ 3 



164 39 
82 \^ 
6 48| 



secant 


0.07166 
0.26526 


co-sine 
CO' sine 


- 9.12566 

- 9.99695 


».= 


19.45951 

9.72975 



True azimuth • - S. 64 56 E. 
Observed Azimuth - S. 40 14 £. 

Variation - - - fi4 42W. because the observed azimuth 
is to the right of the tme azimuth. 
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Method Sbcond. 
For Jinding the true Azimuth. 

Take the difi*erence between the natural sine of the declination^ 
and the natural number answering to the, sum of the log. sines of the 
latitude and altitude, if they ace of the same name^ otherwise take 
their sum, to the log. of which, its index being 9, if it coiisists of five 
figures, 5, if four figures, &c. add the log. secants of the latitude and 
altitude, and the sum will be the log- co-sine of tht: true azimuth. 

Example. 
Let the latitude be 43° 39* N. the Sun's altitude 39° 2S' and decli- 
iiatiOn le* 37 N. Required the true azimuth ? 
Latitude - 43° 39' N. Siiie 9.83901 - secant - 0.14052 
Aldtudc - 39 28 N. Sine 9-8O320 - secant - 0.11339 



g.64'J21 liat. numb. 43875 
Declination 16 37 . - • nat-sine - S8597 

15278 - 9.18407 

True azimuth S. ^V 8' W. - - cosine * S.4369'8 

P:!OfiLEM m. 

to find the Fariation of the Compass hy Equal Attitudes of the Sttn. 

Ri;i3. 

Let the Sun's altitude be observed in the eastern hemsphere, vhta 
its meridian distance exceeds two hours, and at the same instant let 
another observer take the azimuth. 1 hen, when the >Sun comes to 
the same altitude in the afternoon, lei the beiring of its center be 
agMn observed. Now, half the difference between the eastern and 
western azimuths will be the variation— which, when the observations 
ar« made in the southern hemisphere, will be ea;t or west, According 
as the eastern or western azimuth is greatest. The coulrary nile 
is to be applied, when the azimuths are obserred in the northern 
semicircle. 

RbuaHk. 

The western azimuth will be affected with the change of declina- 
tion in the interval between the observations. This correction maybe 
found thus: . r t i. ' 

To the log. co-sine of the latitude, add the log. sine of the horary 
angle, and the log. of the change of declination in the elapsed time j 
the sum will be the log. of the correction of azimuth— which is additive 
to the western azimuth, when the object is approKhing towards the 
elev»ed pole, but jubtraetive, if receding therefrom. 
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EXAUFLEJ. 
I. 

tji the (cffeaaOB, the? bearing of the Sun's center per compatt » 



ntcr per c 
e 40^ 18'( 



S. S. E. i £. the altitude of its lover limb twng 40° 18't and in thv 
afternoon, when the Sun had attained the same altitnde, the a^'T'H^ 
wasS.W.byW.^W. Required the variation ? 

Kastem azimuth =S.S.E.tE. = S-SjE. 

Westem azimuth s= S.W.by W-JW, =S. 5 { W. 

Difference - - . . - 2i 

Variation ..... 1 |pc»nt^*hicb 

h Wesiy both Absemtiooi being reckoned &«m the loutht and thf 
western azimioth the greater. 

IT. 
In the forenoon the Stm's azimuth vas N. 51° 2S'' £. and in the 
afternoon, vben the Sun had come to the same altittde, the azimudt 
msN.e?'' 18' W. Required the Tariatioa? 

Eastern azimuth - . N. Jl" S3' E. 
Western azbbuth •> - N. 67 18 W. 

Difference - - - - l5 50 

Variation . . ^ . 7 55, East, the ob- 

senratioUs being re^oned from the nMthj and ^ western azimutk 

the greater. 

III. 
February 22, 1804, the ftdknfkig equal- altitudes, and correspond- 
ing azimuths, were observed } to find the variation of the compass i 
Alt. T. p. watch.- Azim. T. p. watch. AzSm. 

ai-as' - Uh 25' 30"- S. 15''50''W. - 1 h4'lS''-S.41* O'W.* 



21 25 - 
21 28 - 

21 SO - 
21 M . 


28 40 - 16 40 ' 1 
91 20 . 17 20 - 1 

33 . 17 40 - 1 

34 30 - 16 SO - 12 


S SO - 40 30 
S . 4» 
1 . 40 
68 SO . 99 


SuoM -SO 50 
Meam - 1130 36 S. 1710W. 1 

Mean of aitcmoQD set 

Sum . - w . - - 
Varialioa - 


3 SS 30 
1 55 40 » 

S.IT'IO'W. 

S.40 6W. 

. 57 16 
2» 38, 



heing^west, because ttw western azimuth i« the greatest. 

• The AsiBiMbi were obieiyed with ■ iteerint oompu), hR*iiis two tifht «*Mt. 

FSOBLBM 
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Pboblbw IV. 



Ih Jlnd ike VariatioK of the Compau, hf Ohstrvatums of equal 
AUUudes taken at dijirtnt places, tfu Cutrsfi and honrig SaU of 
Sailing being given. 



Find the distance run in the el^ieed time, and hence the differ^nc* 
0f latitude. Correct the observe^ interval by the difference of loa- 
gitode. 

To the log. secant of the latitude at noon, add the log. co-tangent 
of the half elapsed time, and the log. oi the difference of latitude } 
the sum will be the I(^. of the correction of azimuth~-wluch is to be 
applied to the western azimuth, hj addition or subtraction, according 
as the ship's latitude ia decreasing; or increasing. Apply also the change 
pf azimuth arising from the change of declination ■, hence the reduced 
azimuUi will be obtained. Then, half the difference between thf 
pastem ind westfm azimuths wUl be (he variatipn^ as fiarmerlr. 

ExiUPLB. 

April 3S, 1805, at 8h. 41' A.M. per watch, the Sun's azimuth 
per compass was S, 59° i' E. and at 3h. 20' P. M. the Sun's azimuth 
was S. 61° 17' W. the altitude being the same as in the forenoon. 
The latitude of the ship at noon was 41° 48' N. and course per 
iKMnpass W. S> W. at the rate of 7 knots an hour. Required the 
variation ? 

The interval of time is 6h. SC, which multiplied by 7 knots, gives 
46 miles, nearly^ the distance run. By comparing the ol»erved 
azlmiithf, jt appears the variation is about one point West ; hence, the 
corrected coune is S. W. byW. to which, and distance 46 miles, the 
difii»-ence qf latitude is 25.6, and departure S8.2. Now to latitude 
41° 48' oc 42°, and 19'.1 half the departure, the difference of longi- 
tude is 26 miles ; which subtracted from 49* SO', half the elapsed 
time in degrees, the remainder 4d° 4' is the reduced half intOTal. 
The change of declination in the elapsed time is about S minutes. 
Latitude 41°48'secant - 0.13757 - - coiine - - 9.87243. 
Half int. 49 4 cotang. - 9.93814 - - sine - - 9.£78SS 
biff, of latitude S5.6 - log. 1.408S4 Change ofdec.= 6'log. 0.77815 

Fint Correction 9^.8 - log, I.47S95 SecQfid Correct. 3.4 log. 0.5S880 
2x2 Westefs 
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■Western azimuth ... S. Sl'lT'W. 

First correction - - - + 29.8 ' 

Second corivction - . - -j- 3.4 



Western azimuth corrected - S. 81 -SO W. 
^utem 'azimuth . - . S. 59 4 E. 



rifference - . - - 22 46 

Variation - - r - - H 23W. 



Remark. ~ 

If, in place of taking eqnal altitudes of the Sun or a Star, the pcnnti 
of ^e compass, upon which the object rises and SL-ts, be obserred. 
then half tiie difference will be the variation as before ; and if th? 
ship is under way during the interval between the observations, the 
western azimuth is to be corrected, as directed in this problem. 

Problem V. 

O'lven the Xjilitu^e of a Place, file Sun's Declmaiton and ^agnelie 
Ax'tmutk, and Itu apparent Time of Observation j tojlad Iha 
Variathn of tite Compass. 

Rdle. 

To the log. co-tangent ofthe Sun's declination, add the log. co-sinS 
pf its distance from the meridian in degrees; the sura will be the log." 
co-tangent of arch first ; which being subtracied from, or added to 
jhe latitude of the place of observation, according as the latitude and 
declination are of the same, or of a contrary denomination, the 
diSerencc, or siun, will be arch second. 

Now, tothelog.cotangent of the Run's distance from the meridian 
in degrees, add the log, secant of arch first, and the log. sine of arch 
second; the sum will be the log. co-tangent of the true azimuth, from 
the south in north latitude, otherwise from the north. The difference 
between the true and observed azimuths will be the Tanation. 

Example- 

August 19, 1815, in latitude 41* 46' N. longitude 144° 20'W. at 
9hl 13' 44" A. M. amwrent time, the magnetic azimuth of the Sun's 
center was S, 80° 20 £. Requii^d the variation i 
Apptimeobs. 9h 13'44"A.M. 0'sdec, atnoonat Gr. 18*5rN. 

Equation to 2h. 46' - -|- 2 

Tunefin.noon2 46 16 = 4i''34' - - to 144''20'W. — 8 

Reduced declinatioo - 12 45 N. 
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Beclinition - IS" 45'- co-tang. - 0.64536 

Sun's mer. (list. 41 34 - co-sine - 9.87401 co-tangeat 0.05217 

Arch first - - 16 50 ■ co-tang. - 0.51937 Kcant - 0.01903 
Latitude - • 41 46 N. 

Difference ■ 24 56 • - - - sine . t 9.6248Q 

True azimuth - - - S. 63" 85' E. co-tangent 9.69S05 
Observed azimuth - - S. 80 SO £. 

Variation - - - - 16 45 E, 

The observed azimuth being to the left of the troo. 



Givm the Latitude of a Place, the Sun's DecUnatum and Magnetu 
Aximuih, and tkt Interval between that Observation and the Time 
of Sun Rising or Setting ; to fad the Variation of the Compass. 

Rule. 

To the log. tangent of the latitude, add the lug. tangent <^ the 
decHnatloD ; the sum will be the log. sine of an arch ; which, when 
the latitude and declination are of the same name, is to be added to 
90°, but when of different names, to be subtracted thereirom. 

From this arch tate the oliserved interval of time in degrees ; the 
remainder will be the Sun's distance from the meridian ; with which, 
the declination and latitude, the true azimuth is to l>e found 1^ last 
problem ; and h^ce the variation of the Compass will be known. 



EXAUPLE. 

February 17, 1822, in latitude 36° 18' N. long. 33° 24' W. the 
Sun's magnetic azimuth was S. 59° 40' W. at 3h 12' P. M; and at 
3h. 26' the Sun was observed to be in the true horizon. Required 
the variation? 

"nmeofobs-Sh 12' Sun's dec. Feb. 1 7, at noon at Green. 12° 4' 
5 26 Equation to middle interval 
- - to long. 33" 24' W. 

bjterval * S 14 = 33° SO' 

' ' ' Reduced declination - 
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Lttitode - - S^ltr 
DccUoJtiaB ■> 1 1 59 



Arch - - 8 56 
Subtract from 90 



tangent 



Kemmtder - 81 3 
Intcml - SS 30 

Dist. fin mer. +7 32 - cosine - 9.8e941 - co-tang. - 9-961AA 
Derlination ■ 11 jg . co-tang. O.07S15 

Arch first . 17 27 - co-tang. 0.5O2S6 - secant - OiKOW 
Laiitode - - S6 18 N. 

Aitk second 53 45 - . - sine - - 9-90957 



Tree azimuth 
Magnetic aziumth 



S. 52° 16' W. - co-tangent - 9SS85S 
S. 59 40 W. 



The obtcrved azimutli bans 



Variatkn - . - - 7 fi4 W. 
to the right of the true a^uth. 



Problem vn. 

Ghmthe DecHaalion attdAltUude of the Svn, UiMagmtic Jmflihtdtt 
mnd the Interval of Time Ittween the OlurvatMnSi to jind /Af 
LatiUaU and Faruliou of the Compost. 

Rule. 

Td the log. sine c^ half the elapsed time, add the log. co^e of the 
declination ; the sum will be the log. sine of the half of arch first ; and 
the snm of the log. unes of half the elapsed time and declination wfll 
be the log. co-tangent of arch second. 

To the log. co-secant of arch first, add the log. sine of the altitude; 
the sum will be the log. sine of arch third. Sub^act the sum of arches 
second and third &om -1 80", the remainder will be arch fourth ; to the 
log. sine of which, add the log. co-sine of the declination ; the smn wili 
be the W. sine of the latitude. And to the log. co-sine of arch (bnrtfa, 
add the log. co-tangent of the declination ; the snm vill be ibe log. 
tangent of the true amplitude, to be reckoned from the north, when 
the dedindioR is north, but from the couth, when the dedinaiion i% 
aooth j and hence, the ;vaiiatian wUI be obtained. 



May 12, 1810, the Sunn 
and ampliu<!e then was N. i 



EXAUPLB. 

s oberred to rise at Sh. 58' per wattk^ " 
io 6' £. aad at eh. £8', the troe altitude. 
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oftlieSail'icenterwas 3S°34'. ' Required the latitude of the ^acctf 

observatioo, and the variation of the compass i 

Inter. 5h"0' 

Half 2 30 = 57" 30- dne-S.794« - - tangent - 9.S84gS 

Declination 18 o c»-sine 9.97 SSI - - sine - - 948/98 

SB 23 sine - 9-7^566 ArchSd 76°40'e(K. 9.37490 

Arch first - 70 46 co-sec. O.OS4g4 
Altitude - 88 34 sine - 9.7947S 

Arch third - 41 19 ^e - 9.81973 
Arch second 76 40 

Sum - - 117 59 

SubtractfromlSO 

Arch fourth 62 1 •ine--9.g«00 ■» co-sine - - 9.671S7 
Declination 18 co-sine 9.97821 - co-taog. • 0.48828 

Latitude - 57 1' sine - 9 92421 Tr.am.N.55 ISE.tan. 0.15959 
■ Observed amplitude N.85 6E. 

Variation - - 29 48 "W. 
The observed azimuth being to the right of the true. 

Problem VIII. 

Given the Declination, and Iwo^bttrvtd AliiiuJes cnd-Aeimulhs ^ 
the Sun r ttSnd Ike Laliltide oj'lbe place of Observation, and t^ 
Variation of the Compass.* ' . 

Rdle. ■ ■ ■ 

To the le^. versed sine of the difierence of the observed aiimitths, 
add the log. co-sines of the corrected altitudes ; find the natural number 
answering thereto, which being added to the natural vereod sine of the 
difference of altitude, the sum will be the natural versed" siie of arch 
first. 

To the log. sine df arch first, add the log. sine of the difference of 
Miinuth, and ^e log. co-sme of the greatest altitude ; the sum will be 
the log. sme 01 arch second. - 

To the log. tangent of die Sun's dedioMJon, add the log. tangent of 

Then, TansCDt Utimde = ""•'•«'■' rf -to-». t. eo-s^ t 
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Hie half of arch £rst ; the sum will be the lag. co-tine of arch thifti. 
The diiferencc between arches second and third will be- arch fourth, if 
the latitude and declination are oltlic same name ; but if of a contrary 
name, subtract arch second from the supplement of arch third, an<I the 
remainder will be arch fourth. 

Now, to the log. versed sine of arch fourth, add the log- co-sine of 
the least altitude, and the log. co-sine of the declination ; the nat. 
number answering to this sum, being added to the nat. versed sine of 
the diSerence or sum of the least altitude and declination, according ai 
the latitude and declination are of the tame, or of contrary names i the 
sum will be the nat. co-verscd sine of the latitude. , 

Then, to the log. sine of arch fourth, add the log. co-side of the 
declination, and the log. secant of latitude ; the sum will be the loe. 
sine of the tnie azimuth, when the greatest altitude was observed. 
Hence, the variation will be known. 



EXIHPLE. 

August 26, 1 S09, in the forenoon, tlie Sun'; magnetic azimuth was 
S.22°41'E. and corrected central altitude SS" IV. Afterwards the 
magnetic azimuth was S. 14° 53' W. and Che true altitude 42° 36'. 
Required the latitude and variation ? 



Dineience - - 37 S4 
FiiMRltiiude - 33 U 
becofld kliitude • 49 S6 



to;. - - 4.11673 

- - . - 9.9Bai* 

- . - - 9.M6694 



Archfint - - 30 4S . Nst. ver. sine - 1*100 - 
WllfAtchfim - 13 24 tangent - y.44lJ()4 DitF.uiin. 
Declination - -10 30 idugcot - ^.^ti'iue Ciuieii >) 



4..10601 
0.95tt69 



Archthild • 
Arch secoud ' 


- 87 4 CWine - fi.70SOl 
. (il 13 


Archiecond CI 13 - 


liw - y.s,4M;3 


Arch founb - 

Lew aliltuJe ■ 
Uccliovioii - 


25 J) log. venediine - 
- :13 14 - - coiine - 


4.00027 - - . ,jB 
H-'9y'j67 . ' - CO- 


le - - '».6S9» 

«ine - 9.99aW 


Diflerencc - .. 


. a2 44 N. V. S. - O-nfiO 
08230 


3.9IS5a 




Latitude - . 


- i7 8i N.CO.V.S. 1S9*J9 

Traruinuilh - 
Obictvcd uitDuih 


. S. iJ'12'E. - lint 
. S. ii 41 E. 


at - - 0.?655i 
! - . 9.89778 



33 31 W. BecauK Ibc obiencd 
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Paoblbw IX. 

TitJifHl the FariiUion ff the Compats Jy Circumpolar Stars *. 
RutB. 

The greatest azimnth' of the star, and iti altitude, when io that' 
position, are to be computed as followi :. 

To the log. secant of the latitude, add the io^. co-ane qf the 
declination of the star, the sum, rejetting radius, will be the Itw. sine 
of the greatest azimuth of the star, from the north inN. latitude, but 
from the south in S. latitude. 

To the log. sine of the .latitude, add the log. co-«cant of the 
declination, the sum, rgecting radius, will be the log. one of the 
altitude of the star, when at its greatest azimuth. 

Now, when the star has attained this altitude, its azimuth is to be 
observed : then, the difference b#wea» the observed and computed 
azimuths, if of the same name, orsum, if ofa contrary dentmiinatjon, 
will be the variation ■, which will be east or west, according as the 
observed azimuth is to the left or right of the greatest azimuth bj 
computMion. 

Rbuare). 



Hie time when a star is at its greatest azimuth mxf be fbtind ar 

fbllowi: 

To the tangent of the latitude, add the co-tang^t of the declination 
the sum will be the co-sine of the distance of the star from the 
tneridian. Bednce this to time ; and if great accuracy is required 
which) however, is not' necessary, subtract therefrom the equation 
from Table xriil. answering to this time and 3, hours, and the 
BBBOMPder will be the meridian distance of the atu in time. 

From the- right ascension of the star, sabtract that of the sun at the 
noon of the given day ; to this time apply the equation from Table 
XViii. answenng to the Sun's right ascension, and the longitude of 
the place of observation, by addiitoa or subtraction, according as the 
longitude is K. or W.; ^d the sum, or remainder, will be the 
npproxinate time of transit of th^ . star. From this time subtract the 
meridian distance of the star, and the remainder will be the ^proxi- 
mate time of the greatest eastern uiigMJ) of the star : from which 
•obtract the equation from Tabl^ xviii. answering to the time from - 

■ If the dcdinalion or ■ mm ntoc«d> the eomplement of the luitndi ofa^Kc.uidof 
At —me DUX, the icu wiU n« Kt at thu plac*; bencc, it u called a Cinwmfflv Stir.- 
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Boon and tlie San*> right ascquioD, the time htSag after tlic ncMn of 
the frtvea day ) bnt ifthe time is before noon, add the equation, and 
the lonainder, or smn. will be the apparent tit^e of t(ie greatatf 
eastern aztmnth. Again, to the approximate time <tf transit add the 
fiieridian distance of the star, and mun this sum subtract the eqnatioa 
fitxn Table xnii. answerino; theretOt and the Sun's right ascension^ 
aiKi the remainder will be tne ajmrent time <^ fhe greatest vestepi 
RKimutii of the star. 

n. 

If the greatest eastern and western anmnths <^ the star be ohserred, 
^en halfthe sum, or half the difference of these azimuths, aceordiiw 
at the Qbserratipas are on the samCf or on opposite sides of the mei^ 
dian, viU he the variatioiu 



EXAHPLBI, 

L 

Aano 18S0, in Iztitnde SS° SS* N. the greMeit eastern judnmth of 
Dubhe was observed to be N. E. ^ E. Required the variation i 

IdUtode T , - SS'fiS' - secant - - 0.0787S 
pe-.lin«io« - - ^f 4$ - fXHMn? - - 9.66184 



Gnatest admnth - - N. SS SO E. - ain« t - g.7S99T 
Ob6. ^zim N. E. i E. or N. 50 S7 E. 

Variation - . - ]? i7, which U welt, because thf 
•bsfrred aainiuth it (o the right of the tme. 



Anno 1864, In latltade 21** 40^^ the greatest aaiinnth of EodbdH 
when in the western part of its dinmal path, was N. bf E.^E* 
itequired the Tviadon f 

Latitude - - SI"*©' - ,. fecant . - 0.0S181( 
DedinatiDn - - 75 JIS - - co-sine - - 9.S87ffl 

fjreatest azimoth *N. lAlsW* - rate - - O.4J0OS 
ObiemdaTiiimth - N. 14 4E. 

ya^iation . j 99 ITVT* 






t MS 1 



*tiie two otreme azimudis of the pole itar were N> 6jt° W, and 
R S" W. Re^ed the variation? 

Extrane aeinuiths - ^ N. 6^ 30' W. 
<. >. - .-N. SOW. 

feilm - - - ■ 9 30 

Variatioti - - - 4 45, which is esM^ 

Watue dw greatert t^ the obMrrcd aiimntlu i) to the left of tht 



jpROBLBltXi 

Td.^ fK» FbriOlioR ly the Transit ttfajixti 'Star or P/ottef. 

RuLB. 

^^nd the ;q>pamt time of thetnuidt of the star, by prob. il. Td 
ll. page 966 j bat if the object is a pbmet, the rime of iti passage 
wer the meridiin %iU be found in the Nautical Almanac. Then, 
the watch bcuig regulated to apparent time, or itt error fbuod 
£rom observations of the sun or stars, at the instant of the computed 
time of transit of the star, or planet, observe its bearing per compass s 
the difference between which, and the K. or S. p(»nts, will be the 
variation, wUch will be east, if the observed azimuth is to the left of 
the meridian, but west> if it is to the rt^ of the meridian. 

RbuahU. 



The len the slticndet and the greater the declination of dM 
ttbttrved stiject, the mwe accurately will the variation be obtained. 



When the pole star is in the same vertical with Alidth, or Cor, 
Caroli, it is nearly in the meridian. If, therefore, its azimuth b* 
observed irtwa it i« in this posidwij the variMion will beobtaioedM 

m. 

If nro Stan be selected, Drhose ririit ascensions are dther nearif 
equal, or difier ISO", then, when they are vertkal, they will be 
itpcut the meridian 1 and the bearing oftlutsQgr which is nearest the 

r should be obenred. 
9 A 3. SXAlfPLSIf 
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L 

Korember 15, 1S12, in Utrtnde Si^ S. and lon^^itikle 50° E. dv 
bearing of Achenzr, at the spparem time of its tnnsil uoJer the poke, 
was S. iiyj" W. Re<}Dired the ramaoD i 

The Tariatitm b 25^° W. the observed azimnrh being to tiie ri^ 
of the meridian. 



When the pole star and Cor. &ioii were ia the s: 
azimtith per compass, of the pole star, was N. 21° W. Required die 
variation? 

Thenriatioai9 2I°£.i the oteerred azumok bene to the lefr of 

the n ■ ■■ 



Given the Latitude and LoTigilude of lie Sh'^ tojbid the Vari^km, 
0^ the comfoit iy the Fariatam Ciart. 

Rdlb. 

Ld^ a scak over the given latitude, then take the difference between 
the given longitude and the nearest meridian, iriiich bnng laid tf 
the same wa^ from that meridtan, }Tf the edge at the scale, inll show, 
among the vanation lines, the qoantityand qoality trf'the variatioo. 

ExAlfPLB. 

Let the lathade of a ship be 43° SO* S. and toogitode 98° WE. 
Required the variation ? 

By proceeding as above directed tta die variadoQ *harti the 
variatian wUl be fbimd to be about 25° W. 

Rehire. 

Ihe tJue amplitode and a^mnth, and hence the variation of the 
compass may be found by many diSerent methods, such as by the 
jjobe, various modes of projection, Gunter's scale, paitimlar^ the 
sliding Guncer, of which see the author's treatise on the ilescr^itioD 
and use of that instrument in navigatiui, && 

Upon account of the variation of the compass, the true coma* 
between any two places is different icKxa the course p« conqMss. 
The trae course is found by the common rules of navigation^ and if 
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I aes j 

the ■nftixdaa of the compass be known, the magnetic coarse may be 
obtained. Atrain, in order to determine a ship's place from the course 
iteered and ojstance run, the course most be previously corrected 
by Miration. The method of applying the variati<m in these cases is 
as follows: 

Problem XIL 

Oivm Ike true Coarte btlween too/ two Places, and the Variation ofth* ' 
Compass; to Jind the Course per Compass^ 



The variation, if westerly, beine allowed to the right hand of the 
true course, or to the left hand, if easterly* will ^ve the course per 
compass. 

ExiHPtS. 
Required the course per compass from the Lizard to St. Ii^ay*a, the 
true course being S-W.^W. and the Taiiation at tlw lizard S^poinu 
west? 

Two and a half points bring allowed to the right of S. W.i W. give! 
W. S. W. ^ W. the magnetic course ; or course the ship must steer 
from the Lizard far £. Mary's ; and the course must be altered 
accordingly as the variation alters. 

Problem Xllt. 

Given the Coarse per Compass, and the fariatum; tojind the true 
Course. 



The variation, if westerly, being allowed to the left of the course 
steered, or to the right, if easterly, will give the true course. 

Example. 

Let the course steered be S. £. i E. and the variatum If points VF. 
Required the true course i . 

One and a half ptunts allowed to the left of S. E. j^ E. gives £. S. £ 
the true coarse. 

Rbmike. 

The rectifier will be found by many persons to be a convenient 
imtromeDt for performing the two last probleois. 



END OF THE HRIT rOLmE. 
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ADDITIONS AND CORRECTIONS. 

VOLUME 1. 

• Id the Dedication^ fcr " Wardoi," read « Wardou." 

Page SO, Uns 98} after Lz Lande, add, " to complete which, oolf 
itne star, wai taken frmn the ancient consteUatHm of Hydra, viz. tho 
44th. Aboutthe bepnning of August, ISOTttheUmverutyoflidih 
•ig, oamed those in the bdt and awoi^ of OrioOj and the stars ad- 
jacent tb^vto, the constellatitm Napoleon. 

Page 28, for Chap. IV, read Chap. V. 
-f— S5» Chap. V. Ch;^. VI- 

——46, Chap. VI. Chap. Vir. 

^— ifiO, line 4 from the bottom, after " parallax," read, " cor- 
rectedbrthenDinberfitimTablexLiii. or slit, according 
a> the distance between the Moon and the Sun,, or a fixed 
Star, is observed." 
— ^ 156, line 3d. from the bottom, being the log. 9,747049, 
one line down so as to be opposite to iticorresponding natural 
number S57S70. 
— ^?00, line 7, fiw « 7h. 27' 4"," read « 7h. 97'4*V* and the op*, 
ration being performed agreeablethereto,andtheotherdatc^ 
the Latitude will be found to be £7" 37' 10" N, and Loo- 
gitode SPSS' E. ' 

r^ S99, fine 90, [ax " rep. of alt-" read « rep. at alt." 
>— * 328, after the Examj^, add the following 

BauiKE. 

In ohcervatitras for finding the latitude by double ahitodes, it if 
often foond that an observation <rf the sun, may be made who) that 
ot^ea is in a proper podtioa ftir observation ; but that by reason of 
clouds m fog, no otheraltitude could be observed that luy, yet the 
latitude may be found by convanng the above altitude with an oh. 
tervation m the sun, taken the ftillowine day ) but in this case, an 
equztioa depoiding on the change ttf dedination, becomes necessary 
to be applira to one of the altitudes, v^iich m» be to the first, if 
the latitude of the second place of observation be required. TbJM 
eqnatioa mav be easily deduced from a fluxionary Spherical anah)gy, 
mich will be obvious to those who are qualified to teach naviga- 
tim. Uponthe subject (tf these extensions, and other impnjvementa 
ta finding the latitude, it is probable the author may be induced to 
pqitiMah a treatiae which he hopes will be found osefaL 
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